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INfRODUCTION 
The utilization of coraeobs has become a problem on the 
oornbelt farm, fhe average annual production of corncobs in 
conjmiction with the production of corn for us© as grain, in 
the United States is approjcimately 15 million tons. This 
production is concentrated in th© Gornbelt and Clark and 
Iiathrop (J4.) estimate that som© Iowa and Illinois coiinties 
produce more than 75 tons per square mile. With the prevail­
ing method of corn harvesting, the ear corn is transported 
from the field to the farmstead for drying, storage and 
shelling and th© resulting accumulation of corncobs presents a 
problem of utilisation or disposal. 
Corncobs have nmny uses both on the farm where they are 
grown and comaerciallyt In the past, one of the chief uses 
has been to provide a source of heat for dwellings and for 
cooking, however these needs now being supplied largely by 
other f\i©l3. Crushed or coarsely ground corncobs are highly 
absorbent and make a very satisfactory poultry litter for 
brooder, broiler and laying houses (15). 
Th9P& is an Increasing demand for corncobs to be used as 
a garden and shrub mulch# A blanket of coarsely ground corn-
cobs retards growth of weeds, reduces soil moisture loss and 
helps to maintain a more uniform soil temperature. 
Corncobs are used for livestock feeds in several forms. 
Ground corncobs are reported to have shown a value equal to 62 
2 
percant ttiat of shelled corn as a replacement for grain in 
feeding trials at t2i@ Ohio Agricultural Experiment Station (3). 
Corncobs can b® used to supply a major part of the roughage 
ration fw beef oattle and are sometimes added to grass silag® 
to absorb excess silage juices during storage. Commercial 
feed Manufacturers are using finely ground corncobs as a car­
rier for molasses in cattle feeds. 
Industrial uses far the corncob include soft grit blast­
ing# absorbents, driers, sweeping compounds, abrasives for 
hand soaps, packing materials, concrete aggregate, fillers and 
as a raw material in th© chemical production of furfural. The 
greatest Industrial demarwi is in the production of furfural 
which Is used tap refining lubricating oils, vegetable oils, 
butadiene and in the nmnufactur© of resins, plastics and inter­
mediates for numerous cheaicallj derived products such as 
syntdaetic rubber and nylon. Ooinraerclal plants at Cedar Rapids, 
lowaj Memphis, fennesse® and Omaha, Nebraska are the principal 
producers of furfural, fhe Cedar Kapids plant has a capacity 
of l|.,OQO carloads and tiie Omaha plant 10,500 carloads of corn­
cobs per year (?)• Most of these corncobs are loaded directly 
at the sheller and moved by truck to the processing plant or 
to country colleetlon points where they are stock piled and 
loaded into railway cars for shipment, fhe price paid for the 
corncobs at Mie collection depot ranges from #2.50 to |5«00 per 
ton. 
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Size Seduotlon 
All of Itie us®s listed above require that the corncobs b© 
reduced in sla© from the whole state. Th© desired particle 
size varies widely fr'Om a very fin© particle to larger sizes 
for anliaal bedding and litter. The haimnermill is probably the 
moat conroionly used machine for processing corncobs. However 
it has a rather high power requirement for corncobs with 
moisture contents as found in storage. One installation pro-
1 . 
ducing @E»ound and dried corncobs for a molasses carrier in 
©onmercial feed involved two hajtmermills and a rotary drum 
drier unit and required approximately 50 horsepower-hotirs of 
energy per ton of material processed. 
®ie ordinary farm haiameriaills and btirr type grinders used 
for feed grinding do not handle corncobs satisfactorily. The 
action in th® hammeriiill is quite severe and results in con­
siderable loosening of beeswing, chaff and pith from the woody 
portion which produces a dust problem when used for bedding 
and litter. Burr mills generally produce a product of more 
miform size but they have a low capacity with a high power 
requirement and both burr and hammerffiills have high main­
tenance costs and short service life when handling corncobs. 
The Ames Cob Crusher 
The Ames Cob Crusher was designed and constructed to meet 
the need for a machine on itie farm to process corncobs for bed-
k 
ding, litter and other uses# !EhL© reduction action of the 
nmohine is somewhat different from that of existing grinders 
or eruahers# fhe cobs ar® first passed between two crushing 
rolls where th©j ar® compressed laterally causing them to be 
quartered along their longitudinal axis and tiien passed 
through a sizing unit where the quartered aections are broken 
into short lengths# method of size reduction is covered 
in United States Patent 2,766,795 entitled "Method of Segment­
ing Corncobs** (Appendix 4)« 
&e Ames Oob Crusher was tested by Bichel and Yoerger (2) 
and found to have a maxiisuiii capacity of 11,12 tons per hour 
and require 1#85 horsepower-hours per ton to crush corncobs 
with 12»8 percent Moisture# fhe product obtained in this test 
was very satisfactory for bedding or litter material. 86,2 
percent of .the particles passed a 1-mesh screen, 7*2 percent 
passed th© 2-m©sh screen and less than 1 percent passed the 1|.-
mesh screen# 
Pevelopment of tlie Roller-Crusher 
One of the first applications of the roller crushing 
meohanlsm is discussed by Lyle (8); 
. • * fhe true origin of the roller mill is un­
known# It may have been used in India or China 
for centuries before we have any historical 
record of it# But we do know that the first 
roller mill was Installed in Europe by Pietro 
Special® in Sicily in li4|.9 for crushing sugar 
cane# Thereafter there are many records of 
roller mills for crushing sugar cane wherever 
s 
it was gfomx* fh® first roller mills w©r© pieces 
of tree truaic geared togetliar by crude peg teeth. 
were driven in a great variety of ways; by 
mwilling human labour, by horses, by oxen, by 
water wheels, by wind «feeela and eventually by 
the steam engine. 
By 1650, 200 years after the appearance of the 
roller mill, the wooden rollers were being shod 
with iron shells. About 1720 the wooden core had 
disappeared, having been replaced with hollow iron 
cores. 
Most of taie roller units now in us® for crushing corncobs 
ar® similar to earcorn crushing and feeding units. These 
consist of one or two rotors with coarse teeth or lugs which 
mesh with each other or with the teeth on a stationary concave 
or shear bar. A heavy screen or perforated plate may be 
located beneath the rotor to restrain the movement of material 
until the particles have been reduced to a specific size. 
These units are also used in series with other grinders and 
sisse reduction machinery to facilitate feeding and to achieve 
preliminary reduction to smaller particle sizes. 
Ih® method of size reduction utilised by the roller-
crusher mechanism of the Ames Cob Crusher is somewhat differ­
ent from that of the conventional crusher feeder mechanism, 
fhe Hiain structural portion of the corncob is the woody ring 
which comprises about 60 percent of the total weight and may 
be considered as a thick walled cylinder with the center filled 
with a soft, spongy material called pith. When a compressive 
force is applied to opposite sides of the cob, failure begins 
at the inner surfaces of the cylinder in the plane of the force 
and at the outer surfaces in the orthogonal plane. The 
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resulting action divides the corncob into quarters along its 
length and these quarters ar® feen easily brolsen into short 
lengths suitable for animal bedding and litter. 
On© of the patents eited by th© United States Patent 
Office as being a part of th© prior art covers an apparatus 
for splitting whole ears of corn invented by Robert E. 
Poindexter (13)* It employs a stationary blade having knives 
extending radially outward at 90 degree intervals against 
ihioh the ears of corn are foro.ed by a reciprocating ram. The 
purpose of th© machine is to split ears of corn longitudinally 
into four quarters making them more suitable for livestock 
feed. 
A machine for processing corncobs is described in a patent 
granted in 190? to Mayme (10). fhe mchine consists of a pair 
of long toothed rolls which rotate and pulverize the cobs 
between the rolls and staves on the surrounding housing. The 
corncobs are introduced at one end# moved along the roll by 
spiral teeth and discharged at the other end. 
Bellinger (5) describes a crushing and feeding mechanism 
consisting of two parallel, rotating rolls with projections or 
teeth on their perijdiery. The material is crushed as it is 
carried outward by th® individual rolls towards the walls and 
bottom of the hopper and the material is then fed into a burr 
grinder, fhe action of each individual roll is similar to 
that used on some present day horizontal burr mills. 
A two roll crusher feeder mechanism specifically designed 
7 
fOT erushlng and feeding of sar corn to feed grinding raills 
arwl reducing whole corncobs to a uniform size for poultry lit­
ter is described by lickl© and liokl® (12). The two rolls 
have t@®th whieh reduo© th® Material as thsy rotate toward 
eaeht oth#r aad in elos© confcast to a gtationsury shear bar lo-
eatad between theia# Adjustable gates oa the discharge side of 
the rolls can be set to retard the flow of material resulting 
in finer particle size reduction. 
8 
INVESTIGATION 
8ollei»-Crwshey Meehanism Study 
I^ ellaijmry tests and obserirations indicated that the 
papforimnc© ot the Ames Gob Crusher was very aatlsfaotory from 
th0 standpoint of oapaoity and power requirement when producing 
bedding and litter# fh® operation of the machine was observed 
with only limited variations of the physical properties of the 
corncobs and design criteria of the machine. Also the machine 
tested consisted of the roller-crusher and siaing mechanism 
operating togeltier as a unit. Much additional information muat 
be available before these operating principles can be properly 
applied to the design of a machine and its component parts. 
Objective 
The objective of thi# study Is to determine the relation­
ship between ttie perforimnce and design of the roller-crusher 
mechanisiJi and the physical properties of the corncobs. 
Diiaensional mnalyais 
Bie factors affecting the performance of the roller-
crusher mechanism for quartering corncobs include roll size, 
spacing, surface condition and speeds as well as feed rate and 
physical properties of the corncobs. The conventional method 
of evaluating the performance of this type of machine is to run 
a series of tests holding all variables except one constant and 
9 
repeating th© procedure until a curve of performance criteria 
•yersus on© Tariabl© can b® obtained tat each variable. With 
th© large ntaabar of variables involved in this problem th© 
limitations of tim® and facilities would make it impossible to 
determine th® performance for all combinations of variables. 
By the method of diaensioml analysis it is possible to 
express the relationship between tiie variables as a function 
of all the independent dimensionless groups set equal to a 
constant {11). In this maimer it is possible to reduce the 
number of arguments fro® the large number of independent vari­
ables to a© smaller number of dimensionless groups. These 
groups., sometimes referred to as Pi terras, are by definition 
required to b® independent and dimensionless. The nxxtaber of 
dimensionless and independent Pi terms required is expressed 
by the Buckingham Pi ©leorera as being equal to the difference 
between th© total number of quantities and the number of basic 
dimensions involved. 
fh® first step in setting up a prediction equation using 
tfee Method of dimensional analysis is to determine the perti­
nent variables, The variables considered in th® processing of 
corncobs wltdi the roller-crusher mechanism ar® listed below 
along with their respective abbreviated symbols, basic dimen­
sions (fOTce, length and time) and the units in which the 
quantities were measured. 
10 
1. P power r©qtiir@d pj^ -^l horsepower 
2. D corncob diameter L inches 
3. w specific weight PL ^  pounds/feet^  
k* S mit energy of compression in-po\inds/inch3 
5. G feed rat® PJ.-1 pounds/minute 
6. a roll spacing L inches 
7. d roll diameter L inches 
8, b roll length L Inches 
9» % ipeed of roll (a) -^1 rev/minut© 
10. lib speed of roll (b) f-l rev/minut© 
11, la bar spacing on roll (a) L inches 
12. lb bar spacing 'on roll (b) L Inches 
The d&sign Tariablea of the roller-oruaher mechanism are shown 
in Figm»@ 1, 
Bi© followirs^  Pi terms were derived for th© relationship 
expressed by th© equation P » F{D,w,E,C,a,d,b,na>nb,la»lb) 
tti© us© of a procediir© discussed by Miirphy {11) (See Appendix 
B).. 
"1 GD 
% * *4" 
"3 
Il6 
"7 
"8 --1^ -
11 
na 
Bo II (a) Roll ib) 
mm* mmtmWLm mi Mm 
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According to the Buckingham Pi Theorem nine Pi terms are 
required to express tiae relationship among the twelve varia­
bles listed above- involving the three basic dimensions of 
forceI length and time. The general prediction equation may 
•then be written in the following form: 
©le form of the function (f) is determined from the relation­
ship between Tlx and each of the remaining Pi terms individual­
ly. fhis ia accomplished by a laboratory teat procedure where 
all the Pi terms included in the function except one are held 
constant and the relationship between it and ia determined, 
fills procedure is then carried out In turn for each of the Pi 
terms in the 'function. 
feat stand and @auii?ment 
Th® test atand constructed for conducting the laboratory 
teats on the roller-crusher mechanism is shown in Figure 2 
along with instrumentation, auxilary ©levators and tractor 
used for power. ®i® two rolls were mounted on the top of the 
channel iron framework and were driven by a number 60 roller 
chain as shown in Figure 3. The chain drive was used to main­
tain a definite speed and position relationship between the two 
crushing rolls and with the drive. By changing the position 
of the two idler sprockets shown in Figure 3 it was possible 
to time the crushing rolls and control the relative position 
Fig# 2. Holl test stand with elevator a, instrmenta-
tion and tractor used for power 
Mg. 3* loll test stand showing drive arrangement 
and location of strain gag© collector iinit 
Ik 
15 
ot the roll feeding bars at some of the speed ratios'used. 
power for operating the eruahing rolls was provided 
hj a Ferguson Model fO 35 tractor #iloh was directly connected 
to tfee drive sprocket shaft through the power take-off. This 
model tractor developed a maximum corrected belt horsepower of 
in lebraska Tractor fest Mo* {l6). 
fhe power input to the crushing mechanism was measured by 
two CH-1 SH-lj. electrical resistance strain gage rosettes 
mounted midway between the self-aligning bearings on the drive 
Sprocket shaft. Only four active gage elements were used and 
tliese were mounted at kS degree angles with the axis of the 
shaft so that they could be connected into the Iheatstone 
bridge circuit in a manner that would indicate only torsional 
load and nullify the effects of bending moments and temperature 
changes, dagea of iso-elastic wire were used because of the 
high sensitivity of these gages to dynamic strains. 
$h© chain drive shaft was rifle drilled throu^  the bear­
ing and the strain gage leads extended out through the end of 
the shaft where they were connected to a four cell mercury 
bath comautator unit as shown in the lower center portion of 
figure 3. f^ om the coMutator unit the signal was transmitted 
through four strand shielded oabl® to a Model BL-320 amplifier 
and Model BI»-222 recording oscillograph manufactured by the 
Brush Electronics Corporation of Cleveland, Ohio. Because the 
properties of the steel in the driveshaft were not definitely 
known and the possibility of an error in alignment when mount­
16 
ing the gages, the shaft was calibrated meehaalcally. A cali­
bration curve for an attenuator setting of 1 with lines 
deflection on the oscillograph chart plotted against static 
torque applied to th® shaft is included in Appendix G. 
To indicate revolutions of the crushing rolls an autcaao-
bil© ignition distributor assembly was fitted with an adaptor 
that would attach on th© end of either of the crushing roll 
shafts, fh© cam in th® distributor was arranged so the lobes 
were spaced at 120 and tii-O degree intervals. The breaker points 
were then connected into a 6 volt circuit in series with a 
solenoid operated pen which made a raark near the edge of th© 
recording chart each time th# circuit was broken. 
A set of twelve crushing rolls, shown in Figure hs was 
constructed from standard steel pipe of 8, 10 and 12 inch 
nominal diameters, fh© rolls were 18 inches in length and had 
hubs of 3/8 inch steel plat© welded into each end in such a 
way that a 1-1/2 inch steel shaft could be attached to support 
and drive the roll. Feeding bars consisting of l/k- inch square 
ateel keystock were welded to the surface of the rolls with 
the following spacings: 
lo. of Outside diameter No. of Bar spacing 
rolls inches bars inches 
2 0.62 10 2.72 
2 6.62 15 1.81 
2 10.75 12 2.82 
2 10.75 18 1.88 
2 12.75 llj. 2.87 
a 12.75 21 1.91 
17 
laeli of the roller" shafts was supported by two self-
aligaittg ball bearing pillow blocks as shown In Figxare 1^.. The 
bearings for one of the roll shafts were firmly attached to the 
framework and tiios© of the other roll were niade movable to 
facilitate adjiisting the space between the surface of the rolls, 
A sheet metal housing enclosed the rollers and contained a 
? shaped feedir^ hopper which could be shifted in the housing 
to feed the corncobs to the crusher mechanism at the same rela­
tive location regardless of the roll diameter used. 
Feeding was accomplished by a modified 18 inch cross 
conveyor from a Model i|.0 drain-O-Vator forage wagon which was 
mounted on a framework and driven by a two horsepower electric 
motor through a variable speed Y belt transmission and speed 
reducer as shown in Figure 2. A plywood panel was devised 
which could be attached to one of the flints to prevent the 
corneobs from spilling back over the last fli^ t dxiring opera­
tion. fhis panel was autoniatically removed as it reached the 
upper end of the conveyor, fhe crushed corncobs were removed 
by a Koyker Mill Feeder powered by a 3/^  horsepower electric 
motor. A control panel for operating both of the conveyors 
was located near th© strain recording Instruiaents, 
Physical properties of whole corncobs 
Tbrm of the variables concerned in this problem namely; 
corncob diameter, specific weight and unit energy of compres­
sion, involve the measurement of jtoysical properties of the 
18 
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whol® corncobs. Corncob diameter was obtained by averaging 
th© diameters measwed at th© midpoint along tia© corncob of a 
randomly selected sample* fh©s@ data are foimd in Appendix D. 
fh© apparent specific weight of a corncob was calculated 
by dividing the wet weight of the corncob by the volume it 
displaced# fh© volume actually displaced was determined for 
randomly selected samples of corncobs• The individual sample 
was weighed# coated with paraffin wax* weighed, placed in a 
one gallon container where all voids outside of the corncobs 
were filled with water and th© total weight measured. By 
knowing the specific weight of water and paraffin it was pos­
sible to calculate th© apparent specific weight of the corn­
cobs, With this method it is important to control the tempera­
ture of the paraffin wax so there is no removal of water from 
the corncob and so that the wax coats the corncobs without 
excessive penetration into the surface. The apparent specific 
weight data are foimd in Appendix D. 
Moisture content of ttie corncobs was determined by drying 
a sample to constant weight in an oven and calculating the 
moistTJtre content on the wet basis from the sample wei^ ts be­
fore and after drying. The data and a plot of apparent 
specific weight versus moisture content are found in Appendix 
B, 
The unit energy of compression is a measure of the amouint 
of energy required to cause a corncob to quarter as a result 
of lateral compression. It is determined by dividing the 
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avespage fox»e# required to compress a corncob laterally until 
quartering is eosapleted bj the projected area of the original 
corncob. The unit energy of ooaipression for an individual 
corncob was calculated by dividing th© ©nergy indicated ujider 
the load-defl#etion diagram of tJa® quartering operation by the 
deflectiofi of th© corncob and this was then divided by the 
length and th® average diameter of the test specimen. 
An attempt was made to run a load-deflection curve for 
aingl© corncobs on a finius Olsen beam weiring testing machine 
but this was unsuccessful because of the Inability to obtain 
load and deflection readings as the corncob started to quarter. 
At this point tti© load-deflection curve for corncobs at low or 
medium moisture content .shows a considerable droop. 
A Buffalo beam loading unit was modified so ttiat a com­
pressive force could be applied to a single corncob ij. inches 
in length as shown in Figures 5 and 6, Two G-1 SR-4 electri­
cal resistance strain gages were attached to the shank of the 
lower bracket and connected to the strain gage oscillograph 
recorder so that the applied load could be continuously 
recorded on the strip chart, ffiie gage Installation was cali­
brated mechanically with the beam scale on the Buffalo unit 
and this curve is shown in Appendix G. For measuring deflec­
tion a dial indicator with a least co\mt of 0,001 inches was 
attached to measure the relative position of the crushing 
plates* fh© dial indicator was observed by the operator and 
as the dial moved past the 0.020 inch graduations» the event 
Pig. 5« Buffalo fceat unit and instrumentation used 
for obtaining load-defleetion data 
Figt 6» Buffalo test mit showing location of test 
speeiaen, strain gages and deflection dial 
indicator 
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marktr circuit was closed starmally therebj producing a inark on 
th© ©dg© of th© strip chart. In this way the load and deflec­
tion could be recorded stealtaneously* Th© deflection was 
applied at a constant rat® of 8.i|. inches per hour by timing 
th® handwh$®2. rotations with a strobe light. Th© data are 
found in Appendix D# 
fast proeg^ dwe 
fh© roller-crusher mechaniam tests were run with the test 
stand and instrumentation previously described. For all of 
th© tests a 2$ pound sample of corncobs was used for each run 
and five runs were completed for all tests except test 6 which 
was rm at varying moistiir© levels. The input feed rate to 
th© roller-crusher unit was controlled by varying the speed of 
the input elevator. 
The duration of the teat run, revolutions of the crushing 
rolls and a plot of torque required versus time was recorded 
by the electric stylii of tiie oscillograph recorder. Prom the 
above information it was possible to calculate power delivered 
to th® rolls, feed rate and roll speeds and this information 
along with nrnchln© settings, sample size and physical proper­
ties of th® eorncob® made it possible to determine the value 
of each of the Pi terms. For any particular test series the 
value of was determined for each run and these were averaged 
to obtain one value for the particular series of runs. 
fhe tests were run in the following manners 
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fest Fi t©m Pi term Range of variation 
no» varied form fariabl© of Pi terra 
2 roll diameter 8.25 to 12,20 
2 iT3 roll length 9.57 to 15.30 
3 ni^  bar spacing 1.26 to 2,60 
 ^ 5^ " 1^ "" bar apac» ratio 1.00 to 2.00 
<01 
5 % roll spacing O.I4.79 to O.658 
6 II| ittoistur© content 1.17 to 1^ ..02 
7 "a 
Q j| yate 7.35 to 10.16 
 ^ S) n|j. 
Fqt each test all tiie Pi terras except Idie two representing 
the independent and dependent variables were held at a constant 
value or nearly so and the values of Wg. . . ITp respec­
tively were the same throughout the tests. A second series of 
tests was then run in a manner identical to those described 
above except that one of the constant Pi terms was held 
constant at a different value as shown in Table 1, 
Presentation' of data 
A suaamry of the data for ttie tests listed above is given 
in Table 1 and Figures 7 to lij, include plots of the calculated 
curves on logarithmic paper. Rie detailed data are included 
Table 1, Stuffimrj of roll test data 
fast lo. 
X 10-^  
% "3 % 5^ % "7 % Wo 
X 10--
1-A 
1-G 
1-1 
2,59 
2.75 
2.68 
8.25 
12.20 
10.30 
15,30* 2.60 
2.7ii. 
2.70 
1.00 
ITl -
0.598 l^ .oa 1.00 
0.01% 
8.01 
7.80 
8.01 
1-B 
1-D 
1-P 
2,62 
2.68 
2.63 
8.25 
12.20 
10.30 
15.30 2,60 
2.74 
2.70 
1.00 
111 =t 
0-5?8 lf.02 
0.0214.5 
1.00 6.49 
6.51 
6.60 
2-A 
2-F 
2-C 
2.68 
2.50 
2.37 
10.30 15,30 
12 .55 
9,57 
2 .70 1.00 
"l 
0.^ 98. 
0.0127 1130.272 
1.00 8.00 
8.03 
tM 
2-B 
2-1 
2-D 
2,63 
2.k7 
2.I42 
10.30 15.30 
1245 
9.57 
2.70 1.00 
"1 == 
0.5^ 8 il^  
0.0162 II30.3.75 
1.00 6.62 
6,55 
6.72 
3-A 
3-0 
3-S 
2.59 
3.62 
3.70 
8.25 15.30 2.60 
1.68 
1.26 
1.00 
"1 = 
0.598 it.02 
O.dl.36 tT|^ "0.5ll 
1.00 7,80 
8.01 
8.03 
3-B 
3-D 
3-P 
2,62 
3«28 
3.80 
8.25 15.30 2.60 
1.68 
1.26 
1.00 
Hi = 
0.598 ij..02 
o.Qli28 n||^ "0'5i4 
1.00 6.50 
6.51 
6.65 
•& Underlined values remain constant throu^out each test series 
^•^•Component equation calculated from data 
Tabl® 1, (Contlmied) 
Test no. % TTj IT|^ 11^ 
I. 10-^   ^
k-A 2.59 Mi lg-30 SM 1-00 
li.~C 3*0® UrnSO 
li-i 3.50 2.00 
li.-B 2.6t 8.2S 15.30 2.60 1.00 
k-n 3.0t  ^ 1.50 
ii-F 343 2.00 
5-A kM 10*30 15*30 a.70 1.00 
5-D 2*63 « 
5-1 1*96 T!i « 0.00695 II6-«*519 
5-0 3.2li. 
5-B 10.30 15.30 2.70 1.00 
5-F il82 ni = 0.006I1.5 IT6-2.651 
5-H 3.06 
6-A 2,68 10.30 15.30 2.70 1.00 
6-C 1#73 „ 
6-1 2,09 m = 0.016a TT70'320 
6-0 1.91 . 
6-B 2.63 10.30 15.30 2.70 1.00 
6-D 2.02 
6-P 1.99 111 = 0.0186 
6-H 2.29 
% "7 % "9 
X 10-3 
0.598 
o»5?8 
lj,>02 1.00 
.0257 W50'^ 30 
jj..02 1.00 
.0261 fT^ O.385 
ii-.Qg 1*00 
0»598 
Hi = 0 
0.598 
111 = 0 
0.|7| 
0.598 
0.650 
0.538 
0,|7| li..02 1.00 
0I658 
0.538 
I4..O2 
1.17 
1.82 
2.46 
ij..02 
1.17 
1.82 
2.if6 
1.00 
1.00 
8.00 
7.92 
7*96 
6.56 
6.56 
f*P 
6.56 
6.63 
I .86 .01 
7.9li-
8.00 
8.01 
2i4..90 
17.40 
12.92 
6.60 
20.80 
14.00 
10.32 
PO 
-4 
Tabl© 1» ( C cffit Intte d) 
fest no. "l % "3 % "5 117 Tig 1I9 
3£ 10*^ :s m-3 
T-G Z,kB 10. SO lg.30 2.70 1.00 0.598 B.93 1.00 6.6O 
7-P t.76 • _ l.tO 6.71 
7-H 3.15 % = 0.02l|.8 1.50 6.76 
7-» 2M 10.30 15.30 a.70 1.00 0.598 1.93 1.00 7-96 
7**E 2»Ol « *71 •? 1.20 8.00 
7-0 3.22 111 = 0.0237 i?a 1.50 Q*m 
8-A t.25 10.30 15.30 ^  04m S-SI 
8-B t.as 10.05 
8-0 2,4- « Q,.. 7.20 
8«D 2.tl % « 0.0217 !Tq^ *^ 3^3 6.32 
8*1 2.19 9ao 
8-P 1.82 10.30 lg.3Q 2^  isM Q'^ 718 1-35 
8-0 1.76 6.10 
8-H 1.80 A 9*06 
8-1 1.80 III = 0.0181 10.16 
8-j 1,85 9.29 
m 
"I ! —r-—1— ~T" , 1 
- -
- -
- -
-
-O-Oia^TTz 
7^r/--o.oz457r2 _ 
1 1 1 1 1 1 
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f •  ^wmXmm mt % 
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1 1 " 1 1 1 1 
- -
-
-
-
-
,17,^ 0.0/62 
1 
i^rj-O.OlZ7Jfj 
1 1 1 1 1 1 
7 8 9 10 15 20 
8+ 
TTs, (i~) 
ir«k»s«i» ff j a« two @f Wp 

1 1 1 
••0.0261 Trs°-^ ^^  
-
(^'''^ 7^7^ -0.0257JTs ^  
-
1 1 1 
77-5, 
©f" l|^  ^ <mmm «t ^ m' •'vaJLmtm ©f 
s 
1^1 J® o*i Ig ^ 0 tp^ t«tii!^ . *ti •sii 
60 80 rc 9'0 9-0 t7-0 eO ?0 
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/^jFS 
1 
r^ Jjl9P 
1 
900-0-'ji 
1 1 
-
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-
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-
-
V-'^ e/P -zr- '^ 1LS69C 'ap= 'ji 
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€C 
A 
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3 
w 
I 
o 
TTi = o.oiaeJTy 
2 
- O.OIC2 ^  
4 
«#• S»®g»i«itoii® pi®t @f ffj, ir«pSTa» mt ti»© raXmn of ir^  
0 
1 1 r 
/^-'0.02^ 8jrQ°'^ '^ 
-
y^ Tr, = o.o2 3 7ira 
-
1 1 1 
I 2 3 4 
13» ®f Wj, wmmm % %% tm -^t 
I 
o 
1 1 1 —I- 1 1 
-
-
-
7^r;= 0.0211 TTg °oi33 
o 0 
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flg», ,lli... • . pt&t ol* til two TAitiAg of 
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in Appendix E and th© calculation of the c\jrv©s by th© method 
of least squap#s as described bj iyli© {18) is included in 
Appendix f. 
ThB general- prediction equation 
fh© group of equations listed in Table 2 was selected for 
the calculation of th© general prediction equation because 
this gT'Oup had th® lower overall total of the sums of squares 
of deviations between the experimental data and the calculated 
curves (see Appendisc P). 
A general test discussed by Murphj (11) for determining 
the validity of combining the component equations as a product 
involves cotparing the two equations developed for each test 
so that 
.  .  .  fn) 
. . . .  W p )  F C W g ^ W j ,  .  .  .  l T 8 , l T p )  
which for test 1 is 
0,02i(.s Il2®*°32S 0.0X814. 
O.OZl^S n2°*032S o.OlSit. 
fhe above expression may be satisfied for all values of 
Hg only when the exponents of the two equations are equal. 
ISi© test can then be performed by inspection of -Hie pairs of 
curves plotted on logarithmic paper by checking for' equal 
fable 2, Stansaapy of i»oll test component eqiaatisms 
Constant IT teyias 
fest Componant equation ng % % % "6 "7 m W9 
1 % *3 0.02!}S II2®'®32S ai» 15.30 2.65 1.00 0.598 l^ .ot 1.00 6.53 
2 
"1 SS 0*0l62 IT3®'17S 10.30 - 2,70 1.00 0,598 ii-oa 1.00 6.63 
3 
"l s:: 0»di.28 I^ -0*5l4 8.25 15.30 «ar 1.00 0.598 i|..02 1.00 6.55 
3^  "1 0.C%31 10.30 IS.30 1.00 0.598 4.02 1.00 6.55 
k % 0.0261 n^ o»385 8.25 15.30 2.60 4m 0.598 i|..02 1.00 6Sk 
Hi » 0.0263 10.30 15.30 2.60 - 0.598 i|..02 1.00 6.5I4. 
5 2= O.OO69S TTg-^ .SlP 10.30 15.30 2.70 1.00 m il-.02 1.00 6.58 
6 % r: 0.0186 !Ty®»231 10.30 15.30 2.70 1.00 0.598 - 1.00 12.93 
6^  =: 0,01814. n7°'^ 31 10.30 15.30 2.70 1.00 0.598 - 1.00 6,63 
7 "i 0.02i|.8 1180*591 10.30 15.30 2.70 1.00 0.598 3.93 «* 6.69 
8 wi =s 0.0217 TT90»0133 10,30 15.30 2.70 1.00 0.658 3.93 1.00 
8^  TTl ss 0.0276 tt9^ «0133 10.30 15.30 2.70 1.00 0.598 3*93 1.00 -
E^quation corrected for variation in one of the W terms 
39 
slopes * 
fh© rssults of test six represent th© poorest compliance 
with the requirements for combination bj multiplication. The 
curve with fee air^ rag© value of equal to 12.93 has a slope 
of 0.231 while tiie other curve with equal to l^ .Ql has a 
slop© of 0,320# Eiis aet of curves had a much higher sum of 
squares of deviations than any of the others. ®ie discrepan­
cy fflay b© partiallj due to laclc of sufficiently reliable data 
for the calculation of the upper ciarve because of ttie diffi­
culty in obtaining a uniform sample of high moisture content 
corncobs. 
Each aet of component equations having been assumed to 
meet the requirements for combination by multiplication, the 
general prediction equation my then be determined. 
. . . ig) F(lT2.n^ ,% . . . TT9) 
F(H2,th «• .. . itq) =— ^ ^
F(1l2,W3 . . . Wp) 
In the above expression the values of . . . Tfp 
respectively, mst remain constant through all the tests. To 
compensate for soae deviations in the test procedure the equa­
tions for teats 3# if# 6 and 8 were corrected as shown in Table 
2. ®i© corrected values are then used in calculating the 
general prediction equation below# 
ii.0 
0,02145 ir 0»0325 
"1 « cwaj: F(W2,W3,TTi^  . . .. Hp) 
« 0.57l|.IT2°*®^ ^^ ll3°*^ '^ P^{W2,W3,TI]^ ,Tf5 . . . TT^ ) 
« 0.955W2^ '°^ ^^ 1!3®'^ '^ !^%"^ '^ F^(W2,lf^ ,T!|^ ,TT^ ,TT^  . . . n^ ) 
H\ *H3,\.%t w^ , , ITq, ?i^ ) 
« 0.26afi2^ -^ 325„^ a^75„^ -0.Sli+^ 0^.385„^ -2.5l9 
P(1fg,l3 . . , 
« 0, ipOlTgO,0325||^ 0. 175„^ -0 ,5li%^ 0.385^ -^2.519„^ 0.231 
« 0,00459^ 2^ * 
„^ 0.591„^ 0.0133 
fhls ©xpresslon for IIin terras of 112,113 * . . 11^  is valid 
for tta# rang® of values investigated in the individual tests 
as listed on page 25• A ealeulation of the prediction equation 
using th© uneorr@ot®d oomponent equations listed in Table 2 
resulted in an equation identical to the one above. 
Roll, Qapaoity 
S@¥®i»al tests w®r# run on tli® roller-crusher mechanism 
with th© 8»62 and 10.75 inch diameter rolls to determine the 
effect of roll speed* diameter and relative speed of the two 
rolls upon th® raaximm capacity. Kieae data are given in 
Table 3 ®iiown gra^ ioally in Figure 15 • 
Table 3* Crushing roll capacitj data 
loll bar spacing -» 2.82 inches Osctll. chart speed - 25 mra/sec 
loll spacing - 5/8 inch Corncob sample - 50 lbs 
Corncob moist, content - ll|..875^  
lun loll dla. %/»b lev. Chart Holl Capacity 
no. rollCb) length sp. 
in. . . cm rpm Ibe/hr 
1 10.75 1*00 52.3 3i|..0 230 13»2i|.0 
2 10,75 1.00 39.2 32.2 182 13»930 
3 10.75 1.00 53.0 27.0 2^  16,690 
5 10.75 1.00 £9.0 21.5 35-2 20,920 
5 10.75 1.00 61.0 23.5 390 19,150 
6 10.75 1.00 56.8 21.5 396 20,920 
10.75 1.00 6I1..6 21.0 l|.62 21,420 
10.75 1.00 71.0 21.0 507 21,4.20 
9 8.62 1.00 ij,7.0 29.2 2kl 15A00 
10 8.62 1.00 59.5 26.5 280 17,000 
11 8.62 1.00 53.6 22.7 354 19,800 
12 8.62 1.00 5^ .0 20.2 400 22,200 
13 8.62 1.00 dJ.S 22.1 Wi. 20,350 
34 10.75 i.SO 51.0 29.3 261 15»350 
15 10.75 1.50 58.8 28.2 313 16,000 
16 10.75 1.50 63.0 25.5 371 17,650 
10,75 1.50 63.2 25.9 366 17,400 
10.75 1.50 72.8 24.2 451 18,500 
24,000 
22,000 
S. SZ Inch 
 ^- I. o a 
20,000 
10.75 Inch Roll-
=\-oo 
8,000 
2 -10. 75 Inch Ro // 
- - /. SO 
O 16,000 
ROLLER CRUSHER UNIT 
14,000 
I2P00 
100 200 300 400 500 600 
SPEED OF ROLL B, rpm 
Wig*. Qmpmitj of aeehittiiaa ir«r0u« 
sp#ea 
k3 
fwo Stag® Heduction Study 
fo ©Taluate the eff©et on total powei* requirement, capaci­
ty and fineness of product of using the roller-crusher 
mechanism as a preliminary reduction operation prior to 
further reducticm by a vertical burr grinder, horizontal burr 
grinderf hamermill and sizing unit of the Araea Gob Crusher. 
fest proeedttyc 
fhe effect of pre-crushlng corncobs prior to further 
reduction was studied with three types of farm grinders and 
th© sising unit. One series of tests was run with each grind­
er ppooessing whole corncobs. A sirailar series of teats was 
i&en conducted with each laachin# using corncobs that had been 
passed throu^  the roller-eruaher mechanism previously 
described. 
Oorncoba with an average moisture content of 13•87 percent 
(wet basis) were used for all th© tests. The roller-crusher 
was set up with the 10.75 inch diameter rolls, 9/16 inch roll 
spacing, feeding bars spaced at 2.82 inches with a feed rate 
of approximately 350 pounds per minute. The energy require­
ment of the quartering operation was l.Ol}. horsepower hows per 
ton. 
Itjl 
Partlol® size measiayem^ nt 
Saiaples of the processtci mterial were taken from each 
t©st for particl# Blze dsteriaination. A one pornid sample was 
weighted out and screened tfaipough a n©st of sieves consisting 
of 1, 7/8, 3A» S/8, 1/2, 7/16, 3/8, 5/l6, §k, #8, #28 and 
pan» fli® sample was first passed through Wi© coarse sieves 
and that retained on ttoe pan was then passed through the 
siaaller sieves-* fh® sieves, Genco-Meinzer Sieve Shaker and 
timing mit used are shown in Figure 29. 
fh® possibility of classifjing the particle size of the 
sample to J tdi© Fineness Modulus and Modulus of Uniformity 
system reoOBmended by the American Society of Agricultural 
Engineers (1) for expressing average particle size and rela­
tive uniformity of the different particle sizes in a sample of 
ground feed was considered, fhis system was not used for the 
classification of corncob particle sizes because the maximum 
sieve sia© Included is 3/8 inch mesh and much of the corncob 
material was larger than this. 
Eather than recording the percentage by weight of each 
size class it was desirable from the standpoint of comparison 
and interpretation to arrive at a number as an index of parti­
cle size* A method proposed by van Bavel (1?) for presenting 
the results of wet sieve analysis of soil aggregate sizes was 
used, fhe method includes a procedure of plotting, measurement 
and calculation of data from a sieve analysis whereby the 
tstiimt© of the average partlol® sia© Is given as a number 
referred to as mean weiigiat diam©t®r. The procedure, used in 
analyssing th© particl® siss# data presented in Appendices Q, 
H, I and J, eoasists of plotting tli© sieve analysis data on a 
graphi wHere the abscissa is the size of the screen opening 
and the ordinate is the percent of the total sample that has 
passed through the sieve, fh© area between the curve and the 
abscissa is integrated and divided by 100 to obtain the mean 
weight diameter value for the sample. 
Grinding eauipaent and data 
Enoedler vertical burr mill fh© first farm grinder 
U3®d for secondary reduction was a vertical cone type burr 
mill mntafactured by laioedler lanufactuT'ers, Inc. of Streator, 
Illinoisst ®ie mchine as used in the test is shown in Figure 
16• Bie power take-off drive was connected to a jack shaft 
from which tiie machine was driven by a number 60 roller chain. 
15ii0 arrangement made it possible to install four G-7 SR-1|. 
electrical resistance strain gages on the main drive shaft of 
the machine, to attach a mercury bath collector onto the end 
of the shaft and to mount the cam and breaker point unit on 
the end of the Jack shaft to register revolutions on the strip 
clmrt. fhe calibration data and curve for this drive are in­
cluded in Appendix C. 
It was desired to measure only the power required for 
size reduction of the material and not to include the power 
k.6 
i»equis»®d tor ©Itvating or convejing th© material. The auger 
discharge oa the Kiioedler machine is driven from the lower 
end hj a b#vel gear train from the main drive shaft ao this 
was diaconneett'd and a one horsepower electric motor was 
momted at the top of the auger tube and connected to drive 
the auger by ueans of a ? belt. 
figure 17 shoir® a view into the grinding chamber of the 
Knoedler mill from above, fh® material moves downward and is 
sheared between the inner cone shaped burr and the outer 
stationary burr. Adjustment of the spring tension device 
controlling the poaitlon of the inner burr varies the size of 
the final product# fh© manufacturer recomends removing the 
outer ring comprising the lower section of the stationary burr 
for coarse grinding of corncobs, but this ring must be used If 
the smaller particle slaes are desired, fhe capacity and 
energy requirement data are shown on Figures 18 and I9 and 
are given in detail in Appendix Q, 
Fig, 16, 'Knoedl#!? vertical \m*v mill, equipment and 
instpmentation used for tests 
Fig. 1?. flew downward into grinding chamber showing 
OTit©r stationary burr and center rotating burr 
i+S 
k9 
Table 1|..» itaiamary of Ehoedler mill tests 
f©st lean wt* Capacity PfO drind. Crush. Total 
no, dia.. speed energy energy enerpcT 
in» Ib/mln rpia hp-Jar s/t on 
Whole oomcobs 
1 0,lj.38 91.9 ii.69.0 8,29 0 8.29 
2 0.522 99.3 537.S 7.25 0 7.25 
3 0,l|.90 88.1 490.0 7.12 0 7.12 
o466 88,6 576.8 7.34 0 7 ' 
I  
i  
9 0*390 62*0 Hot recorded 
10. 0,33# 52.^  recorded 
0491 99.4 535.0 7.^  0 7 
0,3S4 60,0 l|.9a4 1245 0 12.45 
0.339 61.1 518.0 15.4.6 0 15.46 
0.326 47.7 505.8 16.01 0 16.01 
Pre-crushed corncobs 
1 0.301 55.1 506.4 14.91 1.04 15.95 
2 0.330 59.1 527.2 11*59 1.04 12.63 
0.341 69.1 567.2 9.82 1.04 10.86 
0.391 6t.0 498.4 8.21 1.04 9.25 
I 0.497 105.9 k.38 1.04 5.42 
6 0.510 104.8 539.8 4.82 1.Q4 5.86 
7 o.4|o iio.i 553.4 4.43 1.04 5.47 
6 0.368 83.4 recorded 
9 0.447 105.2 Not recorded 
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Iittz hoyissontal tom'.i' 'mill fhe second machine tested 
was. a Model 2203C £ets Bijrp Mill imnufactured by the Letz 
Maatafaeturing Gompanj of Crown Point, Indiana. The Letz mill 
as used in th© test is shown in Pigur® 20. fh© power take­
off drif© for this -iftill was eonnected to the main drive shaft 
of the mill by means of a double width nmber 60 roller chain 
which made it possible to mse the s-ame power and speed measur­
ing arrangement aa with the previous mill. Two CH-1 SR4|. 
electrical resistance strain gage rosettes were used on the 
sain drive shaft and the calibration curve is shown in Ap­
pendix 0. 
Figure 21 is a view into the feed hopper of the Letz mill 
showing the two spiral cob cutters which rotate at a rather 
high speed and serve to crush and break up the material and 
feed it into the center of the burrs. The final size reduc­
tion is.accomplished by grinding between the rotating and 
stationary burr. One of the grinding burrs is shown in the 
upper right of Figure 21# 
®i© fineness of grind is controlled by varying the spring 
tension holding the two burrs together. Ihe original equip­
ment on iiiis machine Included a discharge auger but this was 
removed and the ground laaterial was dropped into a chain 
fll^t conveyor powered by a horsepower electric motor. 
A Bummrj of the capacity and power requirement data is 
given in fable 5 and shorn graphically in Figures 22 and 23, 
The detailed data are given in Appendix H. 
S3 
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TabX© 5« Bwmmrf of tetz ndil tests 
f«st wt* Gapaolt^ f PfO 9rlnd» Grush. Total 
no# dia. • ap®®{l enerOT tm&rm enerCT 
in. Ib/aiii rpm hp-hra/ton 
Wiol® corneobs 
1 O.ii.85 50.52 695.0 6.22 0 6.22 
a 0.28t M4..00 669.0 10.75 0 10.75 
3 oa?!}- 39.50 652,0 16,20 0 16,20 
k 0.006 l?.l4^  t^.O 36.60 0 38,60 
$ 0.t7% ii.9.00 711.0 10.38 0 10.38 
6 0.523 51.25 7l4j6.0 i|..88 0 i|.,88 
7 0.521 52.50 762.0 5.16 0 5.16 
fy©-ormsli®d aojmcobs 
I oMi 53.60 639.5 4.28 l.Oii- 5.32 
2 0*299 50,20 683.5 8.52 l,Ql|. 9.56 
3 oaai 43.70 655.0 li|.#20 l.Ol}. 15.214. 
k 0,103 22.14-0 0^.0 28J|.0 l.oll. 29.IU1-
5 0,250 I4.3.2O 708.0 8.1^ -5 l.Ol^  9.il-9 
6 0,500 67.30 736.0 3.22 1.^ 4. it-.26 
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Oasg' hanflEeyiailX ®ie tfalrd machine tested was a model 
H ill- B Cas® hauroefaill maiiiifaetured by the J, I, Case Company 
,of latin®, Wiseonsin. This aaehin® was power take-off driven 
throu^ a multiple ¥ belt drive and had a blower mit mounted 
oa the main drive stoaft to elevate the ground laaterial. Th© 
blower mit was removed along with, a section of fee housing 
beneath 'fii® ©creens ao that the ground imterial was allowed 
to fall to the floor hj gravity, fh© machine as tested is 
shown iii KLgwe tl|.« fh® grinding unit of this machine, shown 
in figure 25# consisted of .28 fixed, spirally mo\int©d hammers 
which reduced the material by impact -until it would pass 
through 'ttie screen. Screens with openings of 1/1|., 3/8» 1/2* 
3/l{., 1, and l-l/li, inches were used in the test. A summary of 
th© test results is given in Table 6 and shown graphically in 
Figures t6 and 27• The detailed data are included in Appendix 
I, 
SizlME unit A cylinder and concave arrangement, shown 
in Flgu3?e 28, jsimilar to th® desig^ i used in Uie Ames Cob 
Crusher was also tested for producing material of coarser 
particle si»« which would be suitable for animal bedding, lit­
ter and garden aaaleh. fh© cylinder consisted of an 18 inch 
length of 10 inch standard steel pipe (10.75 inch outside 
diameter) upon which six rows of teeth had been mounted. Th© 
teeth on the rotating cylinder meshed with three rows of sta­
tionary teeth on th© concave, Th© teeth were 3/8 inch thick, 
Jplg^  tlj.,. Model H li}. B Gas© haaaaermill, extra 
mrmm and insts^ umentatlon used for 
testa 
Fig« 25# fisw iato haramsmill grinding charaber 
ihowing spirall|f motmted kassfters and 
location of 
60 
6l 
fabl® 6, Bvmmtj of Sase mill tests 
Tmt 
no. 
8.cite®R 
bIz& 
in« 
Mean wt. 
diaaetw 
in •* 
Capac­
ity. 
Ib/iain 
PfO 
rpm 
Srind. Crush. 
©n©rCT ©nerrar 
hp-hrs/ ton 
Total 
©nerCT 
*hole ©orncobs 
1 l/k Q M 9  9.29 439.8 6I1..56 0 6I1..56 
•2 3/8 0.112 16,81 410.9 27.29 0 27.29 
3 1/a O.II4.9 27. QO idjh.S 19.92 0 19.92 
4 3A o*aij.o 52.96 477.3 11.15 0 11.15 
5 1 0A66 66.10 478.3 9.38 0 9.38 
6 1-iA 0.286 7t.83 495.9 8.16 0 8.16 
Pr©-oj?usia®d eoyneoba 
1 LA 0.093 a,61 375.3 63.13 1.04 6li.,17 
t 3/8 0.136 17.83 419.5 25.11 l.Oii- 26.15 
3 1/t 0.158 31.7a 1A8.1 19.07 l.Qi^. 20.11 
4 3A 0.tl|.9 51.90 499.6 9.48 l.C^ 10.52 
5 1- 0.307 76.30 468.7 5.16 I.0I4. 6.20 
6 i-iA o.3i}4 82. ll^ 499.9 5.ij^ 7 l.Olj. 6.51 
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Hg* 28:» Sizing mit patterned after mit -used 
in the Ames Cob Crusii#r 
Fig. 29.. $l®T©s, G#n0O»-M©in.zer sieve shaker and 
timer used for partiol® size determina­
tion 
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1-1/2 inches wide* 1-1/2 iaohes high and spaced on 2 inch 
centers. ®ie laaxiiaua amount of lapping at th© rear of^  the 
concaves was on© inch# Curves showing the relationship be­
tween both ©n@rg7 requto©d and partiolo size for various 
speeda of operation are shown in Pigura 30 and the detailed 
data are included in Appendix S* 
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DISCUSS!01 OP RESULTS 
Holler-Crush®!? Meehanlsm Study 
For,moat of the roll tests five runs wer© made and the 
results of th®s© runs w©r@ averaged to provide a value for 
th© particular test. Gonsideratol© variation is found among 
the values of the individual runs for some of •ttie tests. 
Cfe© of the faotors eontributing to this variation is tho short 
duration of runs with an average tost timo of approxi­
mately five seoonds* fhis smll time interval was nooessary 
because of limitations in analyzing tiio data from the oscil­
lograph strip elmrts. Th© energy expended in each test was 
deteraiined by measuring the area under the oscillograph chart 
which for a five second test was 2I4..6 inches long. By using 
an ©leetrical integrator the length of the test interval could 
be increaaed with an anticipated decrease in the variation of 
results. 
Kie effects of the .various Pi terms on the energy re­
quired for quartering corncobs over the range cojssidered is 
shown graphically in the logarithmic plots of tJie component 
equations. Figure ? shows little effect on of vary­
ing Ifg (*-^ ) which for a given corncob diameter is accomplished 
by varying the diameter of the crushing rolls. For the curve 
used in the prediction equation calculation, increased 2.39 
percent as the roll diameter varied from 8.62 inches to 12.75 
inches. Eie slopes of the two curves ar® in the same range of 
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imgaitn4,m and tii#j fall within the tolerance expected on 
expariaental data for eombination hj multlplioation, Th© 
proxiiai.ty of 'the two 0.urir@s indicates ttiat there is no ap-
preoiabl© effect on value of % hj varying the level at 
whieh Wrt ) is held constant. 
Figure 8 indicates that ©le energy required for quarter-
. , h k ing cornoobs inereases as llj ("§") increases which, for a 
given diameter cc«*noob, is accomplished by increasing the 
length of the ©rushing rolls. For Itie curve used in the pre-
diction equation calculation this resulted in an increase of 
8.68 percent in the value of as the effective roll length 
was Increased from 10.10 inches to l6,20 inches, fhe increase 
in for th© longer roll may he attributed to the manner in 
which th® corncobs passed 'throu^  the crushing mechanism. As 
the roll length is reduced there is more chance of the corn­
cobs being oriented parallel to the rolls before passing 
throu^  thea* the shorter effective roll lengths were obtained 
by changing the feeding hopper to direct the material to the 
center portion of th© rolls and this convergence in the hopper 
helped tO' orient the corncobs* If tdie corncobs are droppe-d 
from the input elevator directly onto th© rolls many of them 
will not b© oriented parallel to th© axis of the rolls so that 
portions of ttie corncobs will be compressed to a greater degpee 
by th® feeder bars with a resulting increase in power require­
ment. 
Figure 9 indicates a decrease in as TI|^  ±q 
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iiici*©as«d« With a giTtn diameter of corncob, the value of IT|^  
is Insrfassd bj Increasir^  th® spacing between the roll feeder 
bars. Bie dasirabl® eondition would b® no feeder bars so tdiat 
all the Miaterial would be eompressed to the same final thick-
n©'«s» Preliminary trials with rolls up to li}. inches in 
diameter indicated difficulty in feeding with comeoba of 
certain moisture eontents# fh© widest bar spacing used in the 
tests was inehe® and no difficulty was experienced in 
feeding in any of the tests, fhe component equations as 
plotted in Figure 9 have practically identical slopes. The 
difference in ordinates of the two curves indicates the effect 
of ITp however imch of this may be attributed to the value ob­
tained for test 3-^  which appears to be in error. The lower 
calculated curve fits the experimental data exactly while the 
upper curve has a sum of squares of deviations between the 
I 
calculated and experimental values e<3.ual to 10.74 x 10 . 
Figiire 10 also illustrates the Increased energy require­
ment for rolls with an Increased nunber of feeding bars. For 
this test the bar spacing on roll (a) was constant at 2.72 
1 
inches and the value of tT^  C"-|=~) was increased by reducing 
the bar spacing on roll (b) first to 1.81 inches and then to 
1.36 inches by adding an additional bar between the wide ar-
rangeaent• 
Sie spacing between the crushing rolls was the most impor­
tant factor in determining the energy requirement of processing 
Si 
a given lot of corncobs, fhe effect of varying TI5 is 
7a 
ahowa in Figujc© 11» fh© j?oll spacing tested ranged between 
1/2 inch and a imxlimm of 11/16 inoli. Preliminary trials were 
eonduoted with a 3/^  iacii spacing but it waa found that some 
of tfci© material was not completely quartered in the operation. 
®ie ¥alu.© of Increased by 12? percent as the roll spacing 
waa d#or®ased from 11/16 inch to l/Z inch for the corncobs at 
3.3••8? percent moisture* 
fh® relationship between aad IT-^  ) is shown on 
Figure 12• ®i@ value of Tl^  was varied by using corncobs at 
different moisture contents* fhe change in moisture content 
resulted in a change in both the unit energy of compression 
Ce) and the apparent specific weight (w), fh,© change in unit 
energy of oomipressioa also resulted in a change in the value 
of lip and mad© it practically Impossible to hold the value of 
TIcj constant for each curve# fhls deviation of ITp from the 
predeteriained value was not ccnsidered critical because of the 
flight effect of changing this variable upon the value of 
as shown in Figure li}.* fh© slopes of the two curves differ 
conaiderably which raises,doubt regarding combination by mul­
tiplication. fhe sum of squares of deviations of the 
©alculated curve frm the experimental data is 10.28 x 10**^ 
for th© lower curve and only x 10^  for the upper curve. 
Because of the much hi^ er deviation for the lower curve it 
was assuBied to be less reliable and the upper curve was then 
used in the calculation of th© general prediction equation. 
For corncobs of a given diameter the energy required for the 
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©rushing operation decreased as the moisture content increased 
within the rang® oonsid#red. 
®hL8 (ftffact of Tarying th® speed ratio of the two crushing 
rolls on the value of IT^ is shown in Figure I3. tPhe speed of 
roll {h} was held constant for each curve and the value of 
Hg was varied by Inorsasing the speed of roll (a). The 
relative motion between the rolls results in a shearing action 
on the corncobs between th© feeder bars which causes an in­
crease in th© value of this is shoim by the ciirves of 
Mgur© 13. 
c 
Changing th© value of Tfg ') by varying the feed 
rat© had little effect on the value of TT^ as shown in Figure 
and .mentioned previously, fh© difference in the ordinates 
of th® two curves is due to the effect of changing the value 
of For th® upper curve IT^  is held constant at 0.658 and 
for th© lower curve at 0,718. 
In order to caabine the component equations by multiplica­
tion it is necessary that they pass the teat for multiplication 
as previously discussed and that the values for the Pi terms 
held constant be the same for all tests, .Due to limitations 
and errors in conducting the tests ttie latter requirement was 
not met in all cases as shown in fable 2, A.n attempt was made 
to cofmpensat© .for these errors by correcting the constants of 
the respective component equations. The constant of the 
general prediction eqimtion was not changed as a result of 
this correction. 
Ik 
To eiieclc tdi© aeouracj of th,© prediction equation a number 
©f roll tests were selected at random from the data in Appen­
dix 1 and th® aetual values obtained for IT^  are compared below 
with fee values obtained from the prediction equation. 
Test no# Observed !T3_ Predicted 
1-A O.OQ259 0,00251 
2-15 0.0023? 0.00229 
3-K 0.00370 0.00327 
li.-S 0,00350 0.00328 
5-4 0,00450 O.OOI4.3O 
' 6-e 0.00173 0.00190 
7-H 0,00315 0.00316 
8-F 0,00182 0.00155 
fhe difference between the observed and predicted values 
ranges between 0,3 percent and 11+..8 percent with the average 
being about 7 percent. 
It would have been possible to set up a series of teats 
similar to those above for deteriaining capacity of the roller-
crusher aeehaMsm however this was not feasible because of 
limitations of time and facilities. The most important 
criteria for performance of the machine is the power require­
ment. fhe capacity of several of the more desirable machine 
component arrangements and settings found in the previous tests 
were determined and plotted in Figure 15* 
fhe 10,75 inch diameter roll had a capacity of 21,i4.20 
75 
pounds per horn? at k62 rpm wiiich appears to be th® maxiraiim 
eapacity for mj speed# Blefeel and Xoerger (2) report a 
raaxiimm capaelty of 22,2l|.0 pounds per hour for the Ames Cob 
Crusher operating under similar conditions« Even though the 
surfaee sp®®d is lower at th© smim rj® th© capacity of 8.62 
inch rolls with similar f«@d©r bar spacing approaches that 
for 10#75 inch roll at sp«®ds between Ij-OO and 500 rpta, 
©lis would indieat© that from th© oapaeity standpoint the 
10.75 inch roll would haTe little advantage over th® smaller 
diameter roll, 
the curve for th© 10.75 inch rolls with roll (a) running 
50 percent faster than roll (b) shows a marked reduction in 
capacity as compared to that with the rolls running at equal 
speeds. At l|.50 rpm th© latter arrangement has a capacity 15*7 
percent greater than the arrangement with the speed differen­
tial. 
Two .Stag© Heduction Study 
fhe tests with the Inoedler vertical burr mill indicated 
an, advantage both from the standpoint of total energy required 
for aiss© reduction and aaehine capacity of pre~oru3hing the 
whole corncobs prior to fur-ther reduction in the burr mill, 
fh© reduction in energy requirement ranged from 16.8 percent 
at th® finer setting to 2k»3 percent at the coarser setting, 
Th© resulting increase in capacity due to the pre-crushing 
operation over thia same range was 22.3 percent and 10,1 per-
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mat r e s p e c t T h e  t o r q u ©  r e q u i r e m e n t s  f o r  g r i n d i n g  w h o l e  
corncobs' exoeeded th© torque available from the tractor drive 
when th@ grind#r waa chok© fed at th© medim and fin© settings, 
©lis was not true whan grinding th© prs-cruahed eorncobs with 
a reiulting smoother operation and reduction in vibration of 
th® machine. 
®i#re was less advantage in both tfae total energy 
required for siss© rediaetion and the eapaoity of the Letz 
horizontal burr mill than for th® vertical b\3rr mill when 
handling p?e-oru3hed corneobs as eorapared to whole corncobs, 
fhe advantage of pre-crushing from the standpoint of capacity 
ranged from 20.0 percent for the coars® material to 3.6 percent 
for th® fin© Mterial. !Che increase in capacity averaged 
about l4.»5 percent. Sie Iieta. aill had a rotating cob cutter 
and stationary concave arrangement which acted as a prelim­
inary reduction by breaking th© corncobs and feeding t2iem into 
the burrs. Eiis mechanism accomplished soraawhat the same 
result as the roller-cruaher however with a greater power re­
quirement. 
fli© Oa®# hanttaermill required more energy for processing 
th© pr®-crush«d corncobs than for whole corncobs reduced to 
the sara© mean weight diameter, fhe capacity was also about 3 
pounds per minute less for th© pre-crushed eorncobs. When the 
individual points on each pair of curves are compared it can 
be seen that th© relationship would be reversed for capacity 
and the curves for energy required would coincide quite close-
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iy if screen siae Is plotted as th@ Independent variable. For 
a gifeix screen siz© the rtsulting mean, weight diameter of the 
produet was eonsiderably larger f<» th® pre-orushed material. 
®ie whole corncob with Its stmietural woody portion intact 
would. pro?ld# a sturdy sha.pe and be auseeptibl© to reduction 
by an impaet blow, fht crushed corncobs would b© composed of 
quarters of corncobs loosely held togetflier o3P se^ parated with 
the pith material exposed and in either cas© would tend to 
cushion the impact of the hammers. Grinding with th© smaller 
size screens produced a large quantity of particles less than 
1/1}. inch in diameter which had considerable resilence and 
would bounce around in th® grinding chamber for some time be­
fore passing throu^  the screen* 
feats on the sising tmit .and concaire arrangement designed 
to break up th® quartered eornoob.s ah owed a decrease in parti­
cle sla® from 0#873 inches to 0.756 inches in mean wei#it 
diameter as the speed was increased from 272 to 6o6 rpm, ®ie 
main effect was to break th® quartered corncobs into shorter 
lengths, fhe energy required by the unit was a miniraura of 
0.635 hp-hrs/ton at about 375 and increased v/ith increasing 
speed, fhe capacity of tto.e unit was nearly constant at about 
18000 pounds per how. 
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COIOLUSIONS 
For Iti© rang® of Pi terms iOTtstigated. the performance 
of tha rollsr-orusher raechaniam Is expressed by the 
general prediction equation 
n^ o-saingO-Sfln °-0"3 
fli© energy requirement for crushing corncobs !,(% inches 
in diameter increased with increasing roll diameter and 
was t»39 percent higher for the 12.75 inch rolls than for 
the 8,62 inch diameter rolls, 
f!he capacity of the roller-cmisher unit with the 8.62 
inch diameter rolls approached that of the 10.75 inch 
rolls at an operating .speed of 500 rpm, 
leduciiig the effective length of the crushing rolls from 
l6»20 to 10.10 inches decreased the ener^  required to 
quarter the corncobs by 8^ 66 percent. 
Increasing the number of feeder bars on one or botii rolls 
of the rollers-crusher raechanism resulted in an increase 
in the energy required, 
Bie spacing between ttie roll siorfacea was the most impor­
tant factor influencing the amount of energy required to 
process corncobs of a given diameter. 
fhe energy required for quartering corncobs decreased 
with Increasing moisture content over the range considered. 
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8* Increasing the speed of on© of the crushing rolls by 50 
percent resulted in an 26 percent increase in the energy 
required for quartering and a 13.5 percent drop in raaxi-
iHuai capacity, 
9. fh© feed rate to tti© roller-crusher mechaniaia had little 
effect on the energy required for the quartering opera­
tion. 
10# M ©valuation of the variables over the range studied 
from the standpoint of Machine perforiaance and manufac­
turing costs indicates that a roller-crusher mechanism 
for processing corncobs of average size and tnoiature 
content should Include the following; 
(a) 8»62 inch Csmallest tested) diameter rolls 
(b) 16.20 inch (longest tested) effective roll length 
(c) 500 operating speed for both rolls 
(d) 2..72: inch (widest tested) feeder bar spacing on each 
roll 
(e) 1/2 to 3/1}. inch range variable roll spacing 
(f) input feeder elevator for steady feeding to rolls 
(g) safety device to protect against rooks and tramp 
iron. 
11. fhe application of the mean w©i|#it diameter method to 
the sis® classification of processed corncobs produced 
satisfactory results when combined with proper sampling 
techniques. 
12. Hie total energy required to process whole corncobs with 
ttie iEnoedler vertical burr saill was reduced by pre-
crushing in the amount of 2i|.#3 percent when the final 
product had a mean wei^ t diameter of 0,50 inches and 
l8#8 percent with a mean weight diameter of 0.33 inches. 
13* Pr@«crushing the corncobs before further reduction with 
the I&ioedler vertical burr mill resulted in an increased 
capacity ranging from 22.3 percent for the fine grind to 
10,1 percent for the coarse. 
li|.. Froduct with a mean weight diameter less than 0,30 inches 
waa not possible with the Khoedler vertical burr mill 
tested because of excessive interference between the 
burrs• 
15. Pre-crushing the whole corncobs before further reduction 
with tlie Letz horizontal burr mill resulted in a decrease 
in total energy required to 3*2 and 20 percent with final 
product having mean weight diameters of 0.10 and 0.50 
inches respectively. 
16. Pre-crushing resulted in an increased capacity of the 
Iietz mill ranging from 20 percent for the coarse material 
to 3*6 percent for the fin© material. 
17• Pre-crushing corncobs before further reduction with the 
Gaae haitaiermill resulted in a product with a coarser 
particle size than grinding whole corncobs with the same 
slae screen. 
18, With the Case haiHmermill there was no advantage to pre-
crushing the corncobs utien compared on the basis of screen 
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sis©@ and a disadirantag© when compared on the mean 
weight diameter of the final product. 
19. fhe total ©nsrgy requirement for processing corncobs was 
approxliaately equal for the horizontal b-urr mill and the 
haitmiermill at a Bi®an weight diameter of 0,20 inches. 
tO» Ei®_ maximim capacity of th© siiing imlt was less than 
that of the roller-crtisher meehanism and was nearly 
constant at 18,, 000 pomids per hotir as th© speed was 
irwted from 272 to 606 rp®. 
11# fee energy refjmired by the sizing unit reached a raini-
mxm of 0,670 hp*hr.©/ton at 360 rpia. 
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SUMMHY 
®i© dtTOlopment of th© Ames Oob Crusher offers a partial 
solution to the economical utilization of large quantities of 
corncobs on tto® farm where liiej are produced. !Phis machine 
utilizes a roller-crusher mechanism to compress the corncobs 
lat-erallj thereby causing them to break into longitudinal 
quarter sections, fhe quartered pieces are then passed 
through a sizing unit consisting of a toothed cylinder and 
concave arrangement for breaking the quarters into short 
lengths suitable for bedding and litter. 
A study was conducted to determine the relationship be­
tween t*h@ performance of the roller-crusher mechanism, the 
design of the mechanlsai and physical properties of the corn­
cobs. fhe design variables of the mechanism included crushing 
roll diameters, roll lengths, roll spacing, feeder bar spac­
ing, roll speed and speed ratio between tiie two individual 
rolls, fh© variable properties of the corncobs included corn­
cob di®aet©r| apparent wet specific weight and unit energy of 
oofflpression required to accomplish quartering. 
The method of dimensional analysis was used in setting up 
the test procedure, fhe application of the Buckingham Pi 
fheorem made it possible to reduce the number of arguments 
fron til© twelve variables involving the basic dimensions of 
force, length and time to nine independent and dimensionless 
groups (Pi terms). An escpression for the performance of the 
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roller-crusher mechanism was then set up in terms of a func­
tion involving th© nine Pi terms, fh® form of the function 
was d©t@rmin©dtoy a laboratory test proced'ur© where all Pi 
terms, except two rspreaantliig the independent and dependent 
variables w®r® held at a constant value. ®ils procedure was 
carried out for each Pi term serving in turn as the independ­
ent variable. 
A roller-erusher test stand was constmicted and instru­
mented to faeilitste carrying out the test ppocedure to obtain 
a cofflgponent aquation for each of th© individual Pi terms. The 
component equation® were combined to produce the final predic­
tion equation for the performance of th© roller-crusher 
meohanlsm. fhe variables were all found to be separable and 
Idle general prediction equation was formed by multiplication 
of the exponential component equations. 
fh© general prediction equation can be used to predict 
the performance of the roller-crusher laachanism for any com­
bination of variables within the ranges considered in the 
study. 
A second phase of the investigation was to evaluate the 
merit of ttie two stage reduction system for corncobs utilizing 
th© roller •crusher mechanism to quarter tiie corncobs and a 
conventional farm grinder or the sizing unit from the Ames 
Gob Crusher for the final reduction. The performance of the 
various reduction processes were compared on the basis of 
total unit energy requirement, capacity and fineness of 
% 
|>roiiTict, . A vertical burr grinderj horizontal burr i^ rlnder 
and a haimaerraill, all tjploal of machines fotind on farms, 
wer© Instriiaented to deteraiin© the power required for grind­
ing. 
fests w©r@ eonducted with each of th© farm grinders 
listed above with whole corncobs containing 13.8? percent 
moiatiire and compared with similar tests in which the corncobs 
were passed through th® roller-crusher unit before final re­
duction. fh© performanc® of th® vertical burr mill was 
improved bj pre-orushing tii® corncobs with an increase in 
eapacitj up to 22.3 percent and a reduction in total energy 
required by as much as 2i|..3 percent. Pre-crushing the corn­
cobs before final reduction showed less improvement with the 
horizontal burr raill. fhis may be partially attributed to the 
rotating cob cutter and stationary concave arrangement used 
on ttiis machine for feeding material to the burrs. The ham-
laermlll required more energy and had a lower capacity for 
processing the pre-crushed corncobs than for whole corncobs 
reduced to th® same mean weight diameter. For a given screen 
size the product particle sises were smaller when processing 
whole carncobs than those that had been pre-crushed. 
Processing pre-crushed corncobs with the sizing xinit 
produced a coarser product suitable for animal bedding and 
litter. The energy required by the unit was a minimum at 
about 375 revolutions per minute and as the speed was increased 
the energy requirement increased and the particle size 
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decreased. 
T.b® us® of a roller-crusher mechanism for quartering 
corncobs prior to final reduction by a farm size burr grinder 
increases performance th© standpoint of capacity and 
©nargy r®qulr®ia®nt» Pre-crushing did not improve tlie 
performanc® of th® farm sia® hamraerraill. 
86 
BiBLioampH? 
Im Aaopleaii Society of AgrlculttJral Engineers. Method of 
determining modulus of unifwmity and modulus of 
fineness of gromd f©ed. In Agricultural Engineers 
Yearbook. P* 101. Saint Josajdi, Michigan, 
fh® Society. 1956. 
2. Bichel, Darwin C. and Yoerger, loger. Ifechin© processes 
corncobs. Agricultural Engineering. 35s i1.7i-i4.73. 
1951^ , 
3. Biarrougha, 1», Gerlach, P., Shalk, A. P., Silver, E. A, 
and Kwakl®, I*. 1. fhe nutritive value of corncobs in 
beef sattl© rations. Journal of Animal Science, l^-s 
373-386. I9I4.5. 
eiark, f. F. and lathrop, E. C. Corncobs - their 
composition, availability, agricultural and industrial 
uses-. U. S. Dept. Agr. Bur. Agr. Ind. Chem. Northern 
Hegional Sesearoh Laboratory. Miraeo. Gir. AIC - 177 
(leviaed). 1953• 
5« Dellinger, Abraham 1. Grinding and crushing mill. U. S. 
Patent l*07l4.,8M4.. October 7, 1913. 
6. Henderson, S. M. and Perry, H. L. Agricultural process 
engineering. I. Y., John Wiley and Sons, Inc. 1955• 
7. Iowa Development eoraaission. I^owly Iowa corncob plays 
vital role in U. S. industry. Iowa Development 
Ooanaission Bulletin. Des Moines, Iowa. January 15» 
1953. 
8. Lyle, 0. fh© basis of life. Chemistry and Industry. 
9 J 1^ -167. 1951. 
9. larmorine, Marvin, Blue Sarth, Ifinnesota. Information on 
the use of roller-crusher imits for processing high 
moisture aweet corncobs. Private communication. 
1957. 
10. Mayne, George !• Cob breaker or crusher. U. S. Patent 
8i|.2,68l. January t9, 1907* 
11. Murphy, Glenn. Similitude in engineering. 1. Y., The 
lonald Press Company. 1950. 
87 
X2. lickl®, Rpank H. and Niekl®, Arthur G. Two-roll type 
crusher-rseder. tJ* S. Patent 2,562,282. January 191 
13. Foinde^ ter, Robert B« Corn splitting machine. U. S. 
Patent k^ 9$79k^  3mi& 10, I89O. 
li},. layl#igh, I»ord# &© principle of siaiilitude. Natiire 
9$t 66-68. 1915. 
15* Seeger,, K* G., fcasdiaf©, A. 1. and Iiuoas, W. C. A compar 
ison of litters ustd for broiler production. 
Belawar© Agr. Ixpt. Sta. Tech. Bui. 289. 1951. 
16. Univarsity of lebraska Agricultural Experiiuent Station. 
Departiaent of Agricultural Engineering. Nebrasica 
Tractor test No. 564. 1955» 
17. van Bavel, C. H. 1. Mean weight-diameter of soil 
aggregates as a statistical index of aggregation. 
Soil Seienee Society of America Proceedings, lij.: 
20-23. • 1950. 
18. %lie, 0, 1., Jr. Advanced engineering mathematics. 
1. X., McOraw-Hill Book Company, Inc. 1951. 
88 
AGMOflSDGMENTS 
fh.® author wishes to express gratitude and ttianks to all 
who assisted with tMs work in any way, ©specially to Doctors 
Keimetli K. Barnes and (Jleim Murphy who were In charge of major 
work for their guidance said suggestions. Special thanks are 
also due to Professor Hobart Beresford, Head of the Agricult\ir-
al Sngineering Dopartment, Professor S. V# Gollina and other 
members of the staff for their help and advice. 
Appreciation is also expressed to iCnoedler Manxif'acturersj 
Incorporated, The Letz lamifacturing Company, the J. I. Case 
Company and others who by supplying equipment cr services 
aided in iti# ©ompletion of this study. 
89 
Roger Rajwond Toerger 
Parents 
Father 
Mother 
laymoBd Herman Yoerger 
Opy&tB-l Ward Toergar 
Birth 
Dat® 
Pla©@ 
Februarj 17, 1929 
LeMars, Iowa 
Education 
Elementary Liberty Coiisolidatod School 
and Secondary Merrill, Iowa 
Undergraduat® Iowa Stat© Golleg©, Aima, Iowa 
Bachelor of Science Degree June 19^9 
Major - Agricultural Engineering 
Oraduat® Iowa Stat© Golleg©, Ames, Iowa 
Master of Science Degree August 1951 
Major •» Agricultural Engineering 
Minor - Mechanical Engineering 
90 
APPENDIX A; 
AMIS COB GHUSHiR PATENT 
91 
Oct. 16, 1956 
Filed Jan. 19, 1953 
R. R. YOERGER 
METHOD OF SEGMENTING CORNCOBS 
2,766,795 
2 Sheets-Sheet 1 
INVENTOR: 
ATTORNEYS. 
92 
Oct. 16, 1956 
Filed Jan. 19, 1953 
R. R. YOERGER 
METHOD OF SEGMENTING CORNCOBS 
2,766,795 
2 Sheets-Shset 2 
Iri.l.Ullllllilffl O 
y 
INVENTOR: 
ATTORNEYS. ^ 
93 a 
United States Patent Office ol'"®'™ 
1 
2,766,793 
METHOD OF SEGMENTING CORNCOBS 
Roger R. Yoerger, Ames, Iowa, assignor to Iowa State 
College Research Foundation, Inc., Ames, Iowa, a cor­
poration of Iowa 
Application January 19, 1953, Serial No. 331,780 
4 Claims. (CI. 146—239) 
This invention relates to a crusher device, and more 
particularly to a crusher adapted to crush corncobs, etc. 
for the forming of a stock or poultry litter and other 
products. 
In the crushing of corncobs, etc. with mechanisms now 
available, it is found that a very substantial amount of 
dust is formed, v/hich dust is not only undesirable in the 
handling and transporting of the product, but also, when 
the same is delivered and placed within a stock or poultry 
building. Further, the dust itself is largely lost and be­
comes ineffective as a litter. The devices now available 
for treating corncobs also are of shai-ply limited capacity, 
and efforts to operate such devices at a higher speed 
result in a greater formation of dust. 
An object of the present invention is to provide a ma­
chine for crushing corncobs, etc. in such a manner as 
to avoid dust formation while at the same time producing 
corncob segments which are usable as an effective litter 
quantitatively. A further object is to provide mechanism 
in which corncobs are split first in longitudinal segments 
and then cut transversely to produce sizable chunks or 
pieces of corncob having relatively no dust therein and 
which are employed as an entirety in the forming of litter. 
A still further object is to provide an adjustable mech­
anism effective for separating corncobs into long seg­
ments while at the same time delivering the seg­
ments automatically to a desired destination and in sub­
stantially uniform pieces. A still further object is to pro­
vide mechanism for carrying corncobs to a zone in which 
the cobs are broken into substantially uniform segments 
while delivering the segments therefrom to a desired 
destination. A still further object is to provide a method 
and means for breaking corncobs into sizable and rela­
tively uniform chunks highly desirable for litter while 
substantially eliminating the formation of dust. Other 
specific objects and advantages will appear as the speci­
fication proceeds. 
The invention is shown, in an illustrative embodiment, 
by the accompanying drawings, in which— 
Figure 1 is a perspective view of a mechanism em­
bodying my invention; Fig. 2, a rear view in elevation 
showing a portion of the mechanism in dotted lines; Fig. 
3, an enlarged sectional enlarged view, showing the crush­
ing rollers and cutting blades in cooperating relation; 
Fig. 4, a perspective view showing the changes in the 
corncob as it passes through the mechanism shown in 
Fig. 3; and Fig. 5, transverse sectional views showing the 
corncob prior to and after the crushing step. 
I have discovered that corncobs may be quickly and 
effectively broken into relatively uniform segments by 
passing the corncobs through breaker or crushing rollers 
by which the cob is split longitudinally into four parts 
and the split cob portions then subjected to transverse 
cutting, as illustrated more clearly in Figs. 3 and 4. It 
will be obvious that the method may be carried out in a 
number of different forms of apparatus. I prefer, how-
2 
ever, to use the crusher as shown in the drawings be­
cause of important advantages achieved by this apparatus. 
In the illustration given in Figs. 1 to 3, 10 designates 
a frame carried upon wheels 11. Standards 12 extend 
upwardly from the frame 10 and support a casing 13 at 
a spaced distance above the trailer frame 10. A con­
veyor 14 equipped v/ith a flared mouth portion 15 is 
adapted to carry corncobs from the inlet 15 upwardly 
and through an apron casing 16 and deposit the cobs 
within the crusher roller casing 13. A second conduit 17 
is arranged to receive the crushed cobs and to carry 
them upwardly to a truck bin or other receiver. Since 
conventional elevators may be used for the elevator struc­
tures 14 and 17 shown in the drawing, it is believed un­
necessary to describe the structures 14 and 17 in detail 
herein. 
As shown more clearly in Figs. 1 and 2, a drive sprocket 
18 mounted upon a shaft 19 is supported upon the frame 
12 by means of bearings 20. The end of the shaft 19 is 
connected by a coupler (not shown) to a power take-off 
stiaft of a tractor (not shown), or of any other suitable 
source of power. A chain 21 connects a sprocket 22 
mounted upon the crusher roller shaft 23 and it also 
connects the sprocket 24 mounted upon the crusher 
roller shaft 23. I provide movable idler sprockets 26 
and 27 so that by the movement of the idler sprockets or 
gears 26 and 27, the relative position of the bars 31, on 
roller 29, can be changed with respect to those on roller 
30, thereby preventing interference between the bars 31 
on rollers 29 and 3© while rotating at different speeds. 
Frame 12 is provided at its top with inclined rails 
28, on which are mounted the crusher rollers 29 and 30. 
The relative positions of rollers 29 and 30 may be 
changed by the shifting of the idler sprockets 26 and 27 
shown in Fig. 1. I prefer to drive the roller 29 faster 
than the roller 30, and preferably at a speed ratio of four 
to three. As tlie conveyor 14 brings the corncobs up­
wardly and discharges them through the casing 16 onto 
the rollers 29 and 30, the difference in speed ratio causes 
the corncobs to be readily aligned betv/een the rollers, 
and with the cobs lined up horizontally, an effective 
quartering of the cobs is brought about. A fair quarter­
ing of the cobs is accomplished without the difference in 
speed ratios and the inclined arrangement of the rollers. 
I prefer, however, to have the inclined arrangement of 
rollers 29 and 30, as shown in Fig. 3, and to rotate 
roller 29 faster than roller 30 so as to bring about a 
quick alignment of the cobs and a crushing operation 
which facilitates the quartering action. Each of the 
rollers 29 and 30 is provided with crossbars 31, which aid 
in the splitting of the cobs longitudinally. 
It will be understood that any elevating device may be 
employed. In the specific structures shown, the elevator 
14 may be of the belt and flight type and the pipe ele­
vator 17 may be equipped with a spiral screw for the 
raising of the cob pieces into the truck bed or other form 
of container, bin, etc. 
Extending below the roller 30 and forwardly thereof, 
is a chute 32 which directs the corncob pieces forwardly 
and delivers them into the lower portion of the machine, 
forming an inlet for the screw conveyor 17. The chute 
32 is provided with transverse supports 33 and carrying 
spaced teeth 34. Adjacent the chute 32 is a cutter roller 
35 provided with spaced cutter blades 36. The cutter 
blades 36, as the roller 35 is rotated, pass through spaced 
teeth 34 on the chute 32 and cut the quartered cobs trans­
versely as indicated in the lower sketch of Fig. 4. As 
indicated in Fig. 4, the original cob 37 is crushed to form 
the quartered longitudinal segments 38, and the quar­
tered segments 38 are then cut transversely, as indicated 
at 39. Thus, in the two operations described, the original 
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cob is quartered and then the quartered portions are cut of the idler gears or sprockets, the speed ratio can be 
transversely to form relatively uniform chunks 40 which readily changed. The inclination of the bearings toward 
fail into the lov/er portion of the machine adjacent the the crushing rollers is approximately 15°. Such angle, 
iniet to conveyor 17 and are then carried up by the con- however, may be modified when different sized cobs are 
veyor 17 to a storage container, etc. As above indicated, 5 being crushed so as to effectively line up the cobs hori-
the shaft 19 on which roller 35 is supported may be zontally. 
coupled directly to the power take-off of the tractor and The chute 32 is effective as a support for holding the 
the crusher rollers are then driven directly from a pulley stationary teeth 34 in spaced relation with the teeth of 
mounted on shaft 19 by means of a belt which engages the cutter roller 35 while at the same time the chute 
the sprockets mounted on shafts 23 and 25. 10 directs the cob fragments into the lower portion of the 
Any suitable means for adjusting the roller 29 closer helical elevator 17. 
to or farther from the roller 30 may be employed. In While, in the foregoing specification, I have shown a 
the specific illustration given in Fig. 2, a slide 41 carries specific structure in considerable detail for the purpose 
the bearing for the shaft 23, and the slide is adjustable of illustrating an embodiment of the invention, it v/ill be 
by means of a screw 42 anchored to the slide 41 and 15 understood that such details of structure may be varied 
threadably engaging a fixed bracket 43. A nut 44 may widely by those skilled in the art without departing from 
be employed for advancing or retracting the slide 40 at the spirit of my invention. 
each end of the frame member 28. I claim: 
Operation 1. In a method for breaking cobs into segments with-
20 out substantial formation of dust, the steps of pressing 
In the operation of the apparatus, the wheel-equipped each cob along the sides thereof to fracture it into longi-
machine is moved to a point where the entrance 17 of tudinal segments, and transversely striking the longi-
the elevator 11 is adjacent a pile of cobs. The cobs, as tudinal segments to break them transversely. 
they are fed to the elevator 14, are carried up and de- 2. In a process for segmenting corncobs, the steps of 
posited into the casmg 16 over the V-shaped area be- 25 pressing a cob between opposed forces to split the corn-
tween rollers 29 and 30. By reason of the inclination cob into four quarters, and striking the quartered seg-
shown and the speed ratio between rollers 30 and 29, ments transversely to break them into smaller segments, 
the cobs are quickly aligned longitudinally of the rollers 3. In a process for segmenting corncobs, the steps of 
29 and 30. As the cobs are carried between the rollers, passing corncobs between opposed forces having magni-
as shown in Fig. 3, a quartering action takes place, as 30 tudes to effect a quartering of each cob longitudinally, 
indicated in Fig. 5. The cob sections then fall upon the and then cutting the quartered cob transversely thereof 
cutter device below and the blades 34 and 36 sever the to form segments. 
cobs as indicated at the bottom of Fig. 4. The seg- 4. in a method of segmenting corn cobs to form 
mented parts then fall into the inlet of the conveyor 17 ntter material, the steps of pressing the cob along longi-
near the bottom of the machine and the screw conveyor 35 tudinally extending lines at the surface thereof, the lines 
17 carries the segments upwardly and into a truck, bin, being at generally opposite positions along the cob, in-
or other container. creasing the magnitude of the pressing forces applied to 
In the foregoing operation, substantially no dust is break the cob into quarters, and thereafter severing the 
formed, the quartering being effected by the pressure of quartered cob transversely to provide segments of rela-
the two rollers and the bars 31 carried thereby, the quar- 40 tively uniform size. 
tered cobs being then cut to form segments of each 
quarter. References Cited in the file of this patent 
The segments formed may be varied as desired by UNITED STATES PATENTS 
adjusting the parts. Ordinarily, however, the segments 
as indicated in the drawing are highly effective in the 45 136,321 Harvey Feb. 25, 1873 
forming of litter, also such segments are of a desirable 429,794 Poindexter lune 10, 1890 
size and uniformity for use in an extraction operation 569,821 Dickson Oct. 20, 1896 
as, for example, extraction for the production of fur- 842,681 Mayne Ian. 29, 1907 
fural, etc. In the specific illustration given, the final 1,074,844 Dellinger Oct. 7, 1913 
size of each corncob segment varies from % inch to IV2 50 1,724,072 Daniels Aug. 13, 1929 
inch and is effective for absorbing 200% to 300% of 1,749,925 Schaefer Mar. 11, 1930 
its own dry weight in moisture. While this size is par- 1,750,941 Pardee Mar. 18, 1930 
ticularly desirable for use in a litter, the sizes may be 2,144,841 Glaser Ian. 24, 1939 
varied widely for different uses. 2,345,779 Wagner Apr. 4, 1944 
I find that dust is largely avoided by the sequence of 85 2,481,201 Collier Sept. 6, 1949 
steps in that the quartering of the cob is accomplished 2,562,282 Nickle et al. July 31, 1951 
by a pressure operation slitting the cob into the quarters 2,566,721 Dunbar Sept. 4, 1951 
indicated and then in the cutting operation, the greatly FOREIGN PATENTS 
weakened quarters of the cob severing or breaking eas- n t 11 iso? 
ily without the forming of dust. By moving one or both 224,903 ranee c. , 
9k 
APPENDIX Bi DllffilSIONAL ANALYSIS 
fhe raeldaod of dimensional analysis as described by Miirphy 
(11), can b© used to obtain an expression for the performance 
of th© roller-crusher mechanism* The desired relationship may 
be written ms 
P » F(D,w,l,0,a,d,b,na,nb,laab) 
where the letter represents the variables listed below with 
their corresponding dimensions. 
p power refwired PLT" 
D corncob dimeter L 
w apparent specific tteight FL-3 
E unit energy of compression PL"2 
C feed rate FT*^  
a roll spacing L 
d roll diameter L 
b roll length L 
% speed of roll (a) 5,-1 
speed of roll (b) T"^ 
bar spacing on roll (a) L 
% bar spacing on roll (b) L 
can be rewritten as 
with the corresponding dimensional equation 
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A-axiliapy equations for P, L and T ar© 
hj^  + h3 + h|^  + =0 
b.^  4- h2 • -• 2ii|^  + + h.^  + hg * ^ 12  ^
-hi • h^  - hp - h^ o » 0 
Lat hx « 1 and h2,h|^ ,h^ ,h^ *hg,h^ Q,hj^ ,^h^ 2 = 0 
1 -4- s= 0 
1 + h2 ® 0 
•1 + 3. -hp ® 0 
Hi P 
•W 
h^  = .1 
h2 ® -l 
hp = 0 
Cheok for Independence 
0 10 
1 0 0 0 
0 -1 -1 
Let h^  =» 1 and hx,h2#fc^ »h5,hQ,hp,hx2,hx2 - 0 
h^  = 0 
h2 + 1 = 0 
**^ 10 ® 
TT. 4-
Check for independence 
0 10 
1 0  0 ^ 0  
0 -1 -1 
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jtet iiQ = 1 and ~ 0 
« 0 
h2 + 1 0 h2 ® -1 
"^ 10 ~ ^  
Check for independence 
0 10 
n> "b 11^  as •"•g— 10 0 
0 -1 -1 
0 
Let hj_ St 1 and iij,h[|_,h5,hY,h8,hp.,h2_2,.h22 ~ 0 
h5 « 0 
h2 + I « 0 • hg « -1 
""^ 10  ^
Check for- independence 
0 10 
• 3.J m 85 —-s 
"l|. D 10 0 
0 -1 -1 
ft 0 
iMt  ^ i^»^ 2»^ 1|.»^ 6^»^ 7^»^ 8»^ '^ 9»^ 10 ~ ® 
hj h.^  « 0 h^  » 0 
.3113 + hi2 1 0 hii2 == 
-h^  = 0 
Check for independence 
0 10 
"5 = -T^  10 0 
0 -1 -1 
7^  0 
97 
« 0 
^ h2 1 0 hg « -1 
"^ 10 ® ® 
Oheek fca? Independence 
7^  0 
1 0 0 
& 
1 1 ^  « _  1 1 0 
1 0 1 
Let h||^  « 1 and  ^
h3 + 1 = 0 hj = -1 
iig 4- 3 -. 2 « 0 2^ « -1 
-^ 10 Q 
Tl^  IS© 
Cheek toi* Independence 
0 10 
1 - 3  0  
0  0 - 1  
 ^0 
Ii®fc « 1 and 0 
® 0 
hg = 0 
" ^10 ~ ® 1^0 ® ""^  
Cheolc for independence 
10 0 
1 1 0  ^  0  
-1 0 -1 
% « -iia. 
Iiet s= 1 and ~ ® 
b||^  + 1 =s 0 
hg + 2 a 0 
*1 - hj_Q 0 
« -1 
h2 = *"2 
hio = -3. 
Cheek tov independence 
0 1 0 
"9^ 
0 
1 1 0 ^ 0 
0 0 1 
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APPENDIX G i  
SfRAll SAGE OALIBRAflON 
100 
T&bl® 8, SE-I4. atpain gag® calibration data 
Obs«i»vatlon Atten. Applied, Torque Chart lines Equiv.defl. 
no« setting wt. lbs. Ib-ft deflection (Atten. =1) 
Roller test stand main (3riv© 
1 1 0 
2 1 
3 1 I 
5 1 12 
5 1 16 
6 1 20 
t 2 25 8 2 
9 2 32 
10 2 36 
11 2 52 
12 • 5 50 
Knoedler mill 
1 
I I 
1 
9 
10 
11 
Letz mill 
1 
2 
I 8 
I 
9 
10 
II 
12 
1 
1 
1 
1 
2 
2 
2 
5 
S 
1 
1 
1 
1 
1 
1 
1 
1 
2 
a 
2 
1 
(Torque arm « 35•7 
2.78 
I:! 
10.95 
15.i 
20.< 
30.S,, 
..0,9c 
50.^  
60.94 
I 
ik.^  
fo'M $0,sk 
20.95 
2k.68 
26.58 
33.50 
50.35 
62.30 
7k.20 
86.05 
98.00 
109.80 
127.80 
151.53 
1.0 
I'l o • X
12.0 
15.5 
19.2 
11.2 
13 
15.0 
17.0 
19.6 
9.3 
inches) 
1.0 
w • X 
12.0 
15.5 
19.2 
22.5 
26.2 
30.0 
35.0 
,2 
.5 
2.78 
17.% 
32.53 
57*38 62.28 
77.18 
92.00 
106*80 
121.78 
151.53 
~ ..28 
(forque arm 
181, 
0.5 
S:l 
12.8 
8.9 
10.1 
12.5 
3lt.2 
16.2 
8.1 
9.6 
35.7 inches) 
0.5 
68.18 
80.08 
92.00 
103.78 
121.78 
151.53 
62.28 
(forque arm =35.7 
0.7 
5.0 
7.3 
10.0 
12.5 
15.0 
17.5 
20.0 
11.6 
13.5 
17.0 
13.8 
I:! 
12.8 
17.8 
20.2 
25.0 
28.5 
2^.1 
58.0 
inches) 
0.7 
5.0 
7.3 
10.0 
12.5 
15.0 
17.5 
20.0 
23.2 
27.0 
35.0 
13.8 
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f.ab 1© 8» (0 ontim© d) 
Ofeser'ration Att«a. Applied forqu© Chart lines Squiv. defl, 
no, setting wt. lbs# Ib-ft deflection (Atten. == 1) 
Gas# hai»a©i»mill 
1 
2 
I 
I 
10 
II 
It 
13 
1 
1 
1 
1 
2 
2 
Z 
2 
2 
a 
2 
Buffalo test mit 
1 1 
2 1 
1 
1 
$ 1 
6 1 
1 
1 
9 1 
I 
I 
11.30 
.30 
*30 
18*30 
21,30 
t3.30 
25 .JO 
31.30 
.6.30 
1.30 
31.30 
21.30 
11.30 
I 
62.2 
73.2 
89.7 
100.7 
117.2 
128.1 
172.2 
199.8 
227.0 
172.2 
117.2 
62.2 
(fo]PQu@ aria = 66.0 
SOO 
1000 
1500 
2000 
2500 
3000 
2000 
1000 
500 
11.5 
13.5 
16.7 
18.0 
10.3 
11.0 
12.6 
15.0 
17.5 
19.7 
i4.9 
9.8 
11.0 
(Tensile 
9.8 
194 
29.0 
S:l 
55.5 
37.5 
20,0 
10.8 
inches) 
11.5 
13.5 
16.7 
18.8 
20.6 
22.0 
25.2 
30.0 
35.0 
39.i}. 
29.7 
19.6 
11.0 
load) 
9.8 
I9>k 
29.0 
6.5 
.6.5 
55.5 
37.5 
20.0 
10.8 
200 
160 
20 
^ MAIN DRIVE 
ROLLER TEST STAND" 
I line--3.25 lb.-fi 
Q_ 
40 
0 10 20 30 40 50 
PEN DEFLECTION , lines 
It# strain gag® mttWsktlm. ©wv® tm? mia drtv® ©f 
jpolles* %#8t 
200 
160 
uj 120 
D 
a 
en 
O 
Q 
y 80 
_j 
a 
CL 
< 
40 
0 
1 1 1 1 1 
o _ 
-
-
- -
-
KNOE 
1 line = 
:DLER N 
3.72 Ib-ft 
^ILL -
1 1 .± 1 
— 
0 10.0 20.0 30.0 
PEN DEFLECTION, lines 
4 0,0 5 0.0 
Mg*- B^ &in gag# ewr® tm? mill 
• 
200 
160 
u 120 
F 
y 80 
LETZ MILL 
I line =4.47 lb-f+ 
40 
0 10 20 40 50 30 
PEN DEFLECTION, lines 
e&Mferation for Ii©tii mill 
3.05 
2 4 0  
200 
I 
u 160 
D 
2 
R 
Q 
y 120 
_j 
CL 
CL 
< CASE MILL 
I iine-S.75 lb - ft 
8 0  
40 
50 60 (0 20 30 40 
PEN DEFLECTION, lines 
fig* itrain gag® •ealifeFaticm f«p aa«« mill 
%06 
3 0 0 0  
2 5 0 0  
2000 
•» 
x> 
a 
< 
o 
Q 
UJ 
-J Q_ 
CL 
< 
1500 
000 
5 0 0  
0 
1 1 1 1 1 / 
- / -
-
— 
-
-- -
-
-
BUFFAL 
Ul 
1 line 
-0 TES" 
NIT 
54.0 lbs 
r 
1 1 1 1 1 
-
10 20 30 40 
PEN DEFLECTION, lines 
50 
iteaia gag# eallteation ewv® Baff4lo 
imit us## t# olttain Ipftd-Sefleetim a^ata m 
wh©l# mmm%M 
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APPBIDIX B: 
HIISIGAL PROPEHflES OP ?IHOLE CORNCOBS 
fabl® 9* Biafii©t@3?s of corasobs {M®asiai*©d in ineiies at addpoint of langth) 
Cob BmaplB Sample Saiaple Sasipl© -Sampl© Sample Sample S.aapl@ Saa^ le Saiapl© 
no* 1 UOm 2 no, 3 no. If, no. 5 no. 6 no , 7 no,. 8 no. 9 no. 10 
1 1*20 1.25 0.95 0.80 1.00 1.25 1.20 1.00 1.10 0.90 
2 1»10 1.00 1.20 1.15 0.95 1.10 1.35 0.90 1.00 0,90 
1.15 1.05 1.20 1.10 0.95 1.00 1.05 1.00 1.00 1.20 
i 1,05 1.05 0.90 1.05 1.05 1.10 0.95 1.10 1.05 0.90 
1 1.00 1.10 1.00 1.30 1.10 1.05 1.20 1.00 1.10 0.90 6 1,00 0.95 1.25 1.30 0.75 1.10 1.00 1.10 1,30 0.90 
I 1.10 1.15 1.00 1.15 1.00 1.00 1.00 1.00 1.00 1.10 8 lao 0.90 1.05 1.20 1.10 0.90 1.10 1.05 1.00 1.10 
9 1,10 1.00 1.00 1.00 1.10 1.00 0.95 1.15 1.05 1.05 
10 1,20 1.25 1.00 1.10 1.10 0.85 0.90 1.05 0.85 1.05 
11 1.10 1.15 1.15 1.05 0.90 0.80 1.15 1.10 1.15 1.00 
12 1.00 1.25 1.10 1.20 0.90 0.90 1.10 1.15 1.00 1.10 
13 1.10 1.10 1.00 0.90 1.00 1.00 1.10 1.00 0.95 1.00 
l5 1.05 1.05 1.10 1.10 0.90 1.10 0.90 1.20 1.10 1.00 
1.15 1.00 0.90 0.90 1.00 1.00 0.90 1.10 1.20 1.10 
16 1.00 1.00 1.15 1.00 0.95 1.00 1.00 0.90 1.00 1.00 
1#15 0.90 0.90 0.95 1.00 0.90 0*90 1.05 1.05 1.10 
18 1.00 1.15 1.10 1.10 0.90 1.00 1.10 0.90 0.95 1.00 
19 1*20 1.10 1.15 1.10 1.00 0.90 1.10 1.15 1.10 1.00 
20 1.05 1.05 1.00 0*90 1.05 1.00 1.30 1.00 1.05 1.10 
AVi 1.09 1.07 1.05 1.07 0.98 1.00 1.06 l,Qk 1.05 1.02 
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Tabl© 10. Apparent specific weight of ishol® corncobs 
Welgiit: ?olm© Volum© ¥olume Volume App, 
Moisfc-or© of of of of of apeclf. 
.content ©obs parafin water container cobs weighty 
i lbs ft3 ft3 ft3 ft3 lbs/ft3 
29*14 
29,24 
1.300 
1.490 
0.0116 
0.0140 
9.32 
9.32. 
a-338 
1.533 
0.0lk9 
0.0140 
58.81 
58.81 
2.i|^  
2.190 
0.0117 
0.0118 
kp.fO 
49^ 60 
1.775 
1.600 
0.0137 
0.0142 
55.5a 
55^ 52 
2.230 
1.990 
0.0132 
0.0113 
16.50 
18.50 
1.290 
1.408 
0.0156 
0.0132 
k.kO 
4.4o 
l.k51 
1.479 
0.0166 
0.0167 
72.80 
72.80 
3.690 
2.690 
0.0105 
0.0072 
O.Q7I4.9 
0.0774 
0.08^  
>.0833 
).08a 
0.440 
O.1I4I1.O 
O.lliiiO 
0« 
O.IIAO 
o.iii4o 
0.1141.0 
0.ll4l|,0 
O.llikO 
0,3i|40 
0.li|l4.0 
0.lJ4li.0 
O.1U1.O 
0.liJI|.0 
O.li^ -O 
o,iii4o 
0.d}^ 9 
0.014.54 
Av. 
O,Q!03 
o.oilia 
0,057k 
o.o5k8 
Av. 
Av. 
0,05r 
o.okpt 
Av. 
0.061k 
0.014.90 
Av. 
o.oksi 
o.c^ Sli. 
Av. 
0.Qk85 
0.0508 
Av. 
0.0736 
0.0502 
Av. 
30.30 
32.90 
31.60 
28,90 
32.50 
30.70 
I4.2.OO 
9.95 
0.97 
34.60 
32.15 
33.37 
36.40 
38.10 
37.25 
28.60 
31.00 
29.80 
29.95 
29.10 
29.52 
0.10 
.8.00 
49.05 
m 
50 
APPARENT SPECIFIC WEIGHT 
OF WHOLE COBS 
u 
a. 
CO 
35 
30 
2 5 
0 40 60 30 20 100 
MOISTURE CONTENT, perceni 
•: 3^* Appmmt MprnXtU oi iSiole ©opuoobs at 
nQifttw# Qontmta 
fable 11 • Ikjad - defle-etion data for h iacli lengtlis of whole corncobs 
•' •' ••• •• ———-
Applied load poiands 
dob #1 c£b #r Go'b 4i Cob # C oS' 
Applied load - poynds 
1.10 
i.m 
i»m 
uck 
im 
1.00 
0.98 
0.^  
0.^  
0.^ 2 
0.90 
oM 
oM 
oM 
0.82 
0.80 
0.78 
0.76 
0,7ll-
0.72 
0.70 
0.68 
0,^  
0,^  
0.62 
0.60 
fest no,. 1 
770 
12S0 
1631 
1920 1673 
1350 
1080 
1189 
1378 
1620 
18^  
moist* content 
16 
ill 
m 
292 
772 
825 
825 
962 
'40 
•70 
0 
I & 
6I|.8 
755 
875 
1100 
1360 
1620 
12.2<^  f:©.st a©. 
li 
119 
1% 
270 
li 
892 
1028 
1111 
1180 
1190 
1100 
1080 
jm 
1190 
22 
II 
108 
151 
276 
378 
702 
820 
m 
800 
691 
f50 25 
50 
638 
7% 
906 
I 
moist* content = 20.i|.0^  
xl 
ii.9 
1 
216 
308 
f 
 ^ si 
600 
610 
6= 
696 
702 
720 
yW 
708 
756 
875 
1080 
86 
108 
162 
tl6 
281 
32k 
fel 
m3 
507 
111 
561 
5^  
605 
561 
"r2 
702 
800 
897 
"^Underlined values indicate completion of quartering for individual corncob. 
5abl© 12* £oad - deflection data tor % inch langtlaa of whol® eomcobs 
Plate 
Applied load » Doundg. 
* Cofe fl Cod -^ 2 'Cob "^^ G^T' 
Applied l€?ad potmds 
Cob #5 Gob #1 0ob #2 Cob #3 Goto C ob 
fest no.. 3 Av. aoist. eontent - 8*7^  fest »©• k- Af. moist, content « 28, 
1.10 
1.08 
l.M 
1»C% 
l*Ot 
1»00 
0.9§ 
0*92 
0.86 
0.82 
0.80 
0.T8 
0.76 
0.7li. 
0.72 
0.70 
0.58 
0.^  
0.6[|. 
0.62 
0.60 
IT 
27 
U 
702 
1036 
1329 
1329 USS 
7S<5 
680 
831 
972 
1189 
1510 
lap 
1000 
laoo 
1391 
3460 
129^  
1100 
0^ 
IC 
II3S 
1285 
1510 
1835 
2210 
2720 
>10 
810 
1C^ 6 
lOTO 
108Q 
1070 
1026 
950 
2050 
1189 
1360 
1600 
22 
162 
2ii.3 
270 
27<5 
259 
259 
259 
259 
270 
292 
3 • 
7^ 
32 
11 
22 
lis 
u 
270 
313 
313 
302 
291 
270 
260 
2: 
32^  
89 
75 
•®tlnd©rlined values indicate completicai of quartering for individual corncob. 
fabl© 13, Iioad - dsflection data for k- ineh lengttis of whole corncobs 
Plate 
spac. 
in. 
Applied load * poandg 
Gob #1 Cob #2 Cob #3 Cob M Cob #5 
Applied load ^  pounds 
Cob #1 Gob #2 Cob #3 0^  
0 
0 
0 
0 
0.86 
0 
0 
0 
all. 
82 
30 
0.78 
0*76 
0*lk 
0.72 
0*70 
0.08 
0.66 
0.64 
0,62 
0,60 
fest no# 5 Aw, 
1.10 
1,08 
1.06 
u(h 
1,02 
1.00 
96 
0,96 
9k 
92 
151 
216 
216 
216 
2Sk 
ip 
im 
i$i 
m 
216 
2l|.8 
e 
SSI 
72k I BBi. li 
907 
1190 
1^ 5 
1813 
11 
22 
& 
130 
216 
173 
19| 
206 
216 
237 
271 
32k 
liii 
1#7 
5M> 
content - fest no. 6 Av» moist, content ~ 
97 
108 
130 
162 
Ip 
195 
205 
20s 
216 
216 
557 
238 
238 
270 
302 
,.10 
k7^  
02 
32 
1Q( 
238 
3 
216 
flH 
216 
22l|. 
238 
302 
11 
9' 
10 
1^  
185 
162 
lll-O 
no 
151 
216 
270 
367 
fe2 
5^ 0 
11 
11 
22 I 
1<^  
108 
108 
108 
WB 
108 
162 
I8k 
216 
11 
i lol 
119 
li}.0 
173 
205 
216 
216 
10 
W8 
108 
108 
130 
l$i 
216 
238 
292 
Underlined values indicate completion of quartering for individual corncob. 
2000 
1600 
CRUSHING TEST NO. 
12.2?^ moisfure 
200 Q 
LU 
800 
4 00 
I.IO 0.70 0.60 0.80 0.90 1.00 
CRUSHING PLATE SPACING, inches 
It, % Smii tmgWm of 
m sirerag® melstw® aontojat «f 
iXB 
2000 
600 
CRUSHING TEST N0.2 
20.4% mois+ure JO 
200 
Q 
< 
O 
a. 
Q. 
< 
400 
I.IO 1.00 0,70 090 0.80 0.60 
CRUSHING PLATE SPACING, inches 
tm? k- 2.«agttis of eoim' 
mm wllJli mii laoiato® a&ntmt of aoJi 
11^  
2000 
600 
lO 
Q 
< 
o 1200 
Q 
UJ 
_J 
CL Q-
< 600 
400 
0 
1 1 1 1 / , 
CRUSHING 
8-7% 
TEST NC 
TiOis+ure 
.3 J J! 
- / /  / ~ 
- -
-
1 1 1 
1.10 1.00 0.90 0.80 0.70 
CRUSHING PLATE SPACING, inches 
0.60 
Wig* 39«- for imh l«agih« of 
witb an 
S#|' 
m 
2000 
6 0 0  
CRUSHING TEST N0.4 
28-9% moisture 
200 
800 
400 
i.OO 0.80 0.70 I.IO 0.90 Q60 
CRUSHING PLATE SPACING, inches 
%©» l|. Sji©tot lengths of 
eca»neofe« mlth an mrerage m©istwr® ©outant of 
as ,9 p#r#®al 
m 
2000 
600 
CRUSHING TEST NO-5 
41.5% mois+ure 
200 
800 
4 00 
.80 . 90 .70 .60 1.10 1.00 
CRUSHING PLATE SPACING, inches 
Load-defiattiom mmm k of 
cof%ool5« id-ili &» iaoi«%«r® ®©nt«nt of 
kX*$ perttist 
m 
2000 
600 
CRUSHING TEST NQ6 
55.5% moisture 
200 
_l 
Q 
800 
400 
0 
I.IO 1.00 0.90 0.80 0.70 0.60 
CRUSHING PLATE SPACING, inches 
foa? ii. imh l«ng.liha of 
eeatee-obs wiMa. m mfmmge moistua?# eont^ nt of 
55#S p9mmt 
120 
fabl© ll|.» Unit mevgy ot oompression of whole corncobs 
eomppessed laterally at a rat© of 8«I|. 
inehes/hoiip 
gpeammw 
fust loa<i-(d#fl« 
140# CWT© 
Initial 
cob dia. 
_ i.n» 
Or-uslied 
eob dia. 
Unit 1 
of comp. 
in-'lb/in3 
Moist-ur© 
content 
1.: 
2.< 
1.59 
1.10 
o.S? 
0.36 
1.00 
1.11 0.72 
0.9a 0.^ 6 
1.11 Q,7k 
1.06 0.74 
1.01 0.61|. 
Average 
1.03 . 0.69 
1.18 • 0.88 
1.09 0.71 
0.97 0.67 
1.07 0.71 
Airefag© 
0.96 0.70 
1.06 0.75 
i.c4 0.7 a 
1.08 040 
1.00 0.66 
Average 
1.07 0.70 
1.09 0.70 
1.00 0.68 
1.06 0*7l|. 
1.00 0.09 
Average 
5 0.79 
0.81 
1.05 
1.06 
0.85 
0.80 
2.18 1.09 0 #69 
O.A 1.11 0.8l|. 
1.5.0 1.01 0.73 
A^ eraget 
l.Oi^-
0.99 
i.oi 0.7 
1.10 0*7 
Averag® 
157.8 
120.8 
106.5 
129.0 
16^ .2 
135.7 
110.0 
128.0 
102.3 
161,2 
160.0 
134 .li. 
139.5 
171.5 
155.1 
66.9 
tr** •*x 
51.3 
53.2 
36.7 
29 .a 
11-9.4 
31.1 
50.1 
39.3 
12.20 
20.40 
8,70 
28.90 
ia.55 
55.50 
m. 
200 
tn jQ T3 JD 3 U 
JZ 
u 
c 
U 
K 
Z 
D 
160 
g 120 
(T) 
to 
UJ 
cc Ql 
-> 
8 
u. 
O 
> 
u 
8)0 
40 
0 
1 1 1 1 1 
— \ 
UNIT ENER 
OF WHOLI 
GY OF COM 
E COBS 
PRESSION _ 
-
-
-
0 ^v. 
-
1 1 1 1 1 
15 25 35 
MOISTURE CONTENT, pcrceni 
45 55 
Vait Qt @©«pi?0ssloa of whol® at 
•raffiug adistiir® 
122 
APPENDIX SJ 
ROLL fESf DATA 
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APPmiDIX P; 
CALOUMTIOl OF CURVES FOR 
HOLL TEST DATA-
lii.1 
Table 23. Analysis of data for calculating exponential curve 
for test l{A,Oj.E) by method of least squares 
(Logarithmic form log TT^  = log k + n log TT2) 
^^ 2 log ifa "1 log !Tl (log TT2)^ (log TTi)(log TT2) 
8.t5 0,9165 0.0259 IM33 0.8i|.00 .1.14.514.2 
10^ 30 1.0128 0.0268 f.il-281 1.0258 -1.5920 
12,20 I.O86I4. 0.0275 l,k393 1.1803 -1.6955 
Suramation 3*0157 F..2807 3.0i^ 6l -i^ .7i{.17 
The noriaal equations can then b© written as 
3.0000 log k + 3.0157 n = -4.7193 
3,0157 log k + 3«0i|-6l n = 4.714.17 
Solved simultaneously 
n = 0.1601 
log k « -l,73i|-0 k = 0.0l8i|.5 
fhe equation may then ba written in exponential form as 
ITti^  = 0.01645 
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fable 25• Deviation of calculated cwves from roll test data 
Test no. (calo.) (data) Deviation (Deviation)^  
X 10-^  
l-A 8.25 0,02$& 0,02$9 0.0001 0.01 
1-S 10.30 0.0267 0.0268 0.0001 0.01 
1-G 12.20 0.0274 0.0275 0.0001 0.01 
Sma of squares of deviations O.O3 
1-B 8,25 0.0262 0.0262 0 0 
l-F 10.30 0.026k 0,0263 -0.0001 0.01 
1-D 12.20 0.0266 0^ 0266 0.0002 O.Ol}. 
Slim of squares of deviations O.O5 
2"A 15.30 0,0267 0.0266 0.0001 0.01 
2-F 1245 0.0252 0.0250 -0.0002 0.0I4. 
2-C 9.57 0,0235 0.0237 0.0002 O.OlI 
Sian of squares of deviations 0.09 
2»B 15.30 0.0261 0.0263 0.0002 O.OI4. 
2-1 12.5.5 0,0252 0,02i|.7 -0.0005 0.25 
2-D 9.57 0,02i|.l 0.02ii.2 0,0001 0.01 
Sum of squares of deviations O.3O 
3-A 2.60 0.0258 0.0259 0,0001 0.01 
3-G 1,68 0,0334 0.0362 0,0028 7.8il-
3-E 1.26 0.0387 0.0370 -0.0017 2.8q 
Sum of squares of deviations 10.74-
3-B 2.60 0.0262 0,0262 0 0 
3-D 1.60 0,0328 0.0328 0 0 
3-F 1.26 0.0380 0,0380 0 0 
Sum of squares of deviations 0 
I4.-A 1.00 0,0257 0,0259 0,0002 O.Oij-
li-c 1,50 0.0306 0.0300 -0.0006 0.36 
k'E 2.00 0.03I4.6 0,0350 O.OOOlf 0.16 
Ststt of squares of deviations 0.56 
I1.-B 1.00 0,0261 0.0262 0,0001 0.01 
if-D l.SO 0.0311 0,0302 -0.0009 0.81 
ii-F 2.00 0.0352 0.0343 -0.0009 0.81 
Sum of squares of deviations I.63 
X represents independent variable 
Table 25• (Continued) 
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feat no. X* 
5-A 
5-B 
5-C 
5-I> 
5-B 
5-G 
5"*F 
5-H 
6-0 
6-E 
6-a 
6-A 
7-D 
7-E 
7-G 
8-A 
8-B 
8-c 
8-D 
8-E 
(calc.) (data) Deviation (Deviatign)' 
Q*kl9 
O..596 
0.658 
0.538 
0.479 
0.598 
0.658 
0.538 
ia7 
1.82 
2.46 
4.02 
1.00 
1.20 
1.50 
8.05 
10.05 
7*20 
6.32 
9.10 
0.0143 
0.0253 
0.0199 
0.0330 
0.0453 
o.oa5a 
0.0195 
o.033t 
0.041^ 5 
0.0203 
0.0196 
0.0324 
0.0002 
0.0010 
-0.0003 
••0.0006 
Siuji of squares of deviations 
0.< 
0.02^  
0.0182 
0.0306 
-0.0009 
0.0016 
-0.0013 
-0.0026 
0.04 
1.00 
0.09 
0.36 
1.49 
0,81 
2.56 
1.69 
6.76 
Sm of squares of deviations 11.82 
0.0170 
0,0196 
0.0216 
0.0253 
0.0173 
0.0209 
0,0191 
0.0268 
0,0003 
0.0013 
-0.0025 
0.0015 
Sum of squares of deviations 
6-D 
6-F 
6-h 
6—B 
1.17 
1.82 
2.46 
4.02 
0.0193 
0.0214 
0.0229 
0.0256 
i 
7-G 
7-F 
7-H 
1.00 
1.20 
1.50 
o
o
o
 
.
 •
 
.
 
0
0
0
 
0.0202 
0.0199 
0.0229 
0.0263 
0.0009 
-0.0015 
0 
0.0007 
Sum of squares of deviations 
0.02I1.8 
0.0276 
0.0315 
0 
0.0001 
0 
Sum of squares of deviations 
0.0237 
0.0270 
0.0317 
0,0242 
0,0261 
0.0322 
0.0005 
-0.0009 
0.0005 
Sum of squares of deviations 
0.0223 
0.0223 
0.0223 
0.0222 
0.0223 
0.0225 
0.0225 
0.0224 
0.0221 
0.0219 
0.0002 
0.0002 
0.0002 
-0.0001 
'0,QCk 
Sum of squares of deviations 
0.09 
1.69 
6.25 
2.25 
10.28 
0.81 
2.25 
0 
0.49 
3.55 
0 
0.01 
0 
0.01 
0.25 
0.81 
0.25 
1.31 
0.04 
o.olj. 
o.c4 
0.01 
0.16 
0.29 
ll|.6 
f'abl© .25 * •{ <3 ontlnued) 
Test no. (calc.) (data) Deviation (Deviation)^ 
X 10-6 
8-F 7•35 0.0181 0.0181 0.0001 0.01 
8«S 8,10 0.0181 0.0176 -0.0005 0.25 
8-H 9.06 0.0181 0.0180 -0.0001 0.01 
8-1 10.16 0.0182 0.0180 -0.0002 O.Oli 
8-J 9*29 0.0181 0.0185 O.OOOl^ . 0.16 
Sum of squares of deviations 0,ij.7 
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APPENDIX Gi 
MOEDLSR MILL TEST DATA 
fabl® 26. and pi»i«r yequlroamt data tor ppocessing whole 
comsolM with Knoedler v®ptl©al burr laill 
otmyt grive ®haft test Capacity Average Power Emirgy 
TO, Irea" ' %im torque req'd r^ *d 
ixfi to. rgm sec lb/rain Ib-ft 1:^  l^ j-hrs/tcm 
1 2,kO 0.72 70.0 it7li.O 8.86 8lt.5 260.0 23.UO 9.20 
2.22 8.00 ai,.o Ii72.0 8.11 92.5 262.0 23.60 8.i)8 
t.22 8.25 65.0 ii65.0 8,36 89.5 25U.O 22.50 8,3k 
2.If 8,12 65,0 !t72.0 9,25 91.0 25l|.0 22.85 8.38 
1.88 7.25 57,0 i}.6^ *0 7.35 ICS.O 21^ 5.0 21.60 7.06 
A'T^ 'age Ii69.ii 91.9 8.29 
2 l.?o 7.65 71.0 51i7.5 7.76 96.5 207.8 21.1i0 7,ho 
1.56 7.90 72.5 51jl.0 8.C^  93.5 186.0 19.20 6,Bk 
1.63 7.3$ 67.0 537,5 7.it7 100,5 209.0 21.itO 7.08 
1.78 7,07 63.5 530.0 7.20 loh.o 237.5 23.95 7,6h 
1.7lt 7.25 6K.,o 520.0 7.35 102,0 226.0 22.liO 7.32 
ATerage 537.2 99.3 7.25 
3 l,So 8,10 69.0 502.0 8.23 91.0 175.0 16.70 6.12 
1.76 8.20 69.8 502.0 8.3I 90.0 202.5 19.itO 7.18 
1,92 8,72 65.0 Wio.o 8,86 8h.$ 208.0 17.1iO 6,86 
1.88 8.3lt 71.0 502.0 8.ii6 88.5 212.5 20.U0 7.66 
1,90 8.55 73.0 50I4.0 8.69 86.5 210.0 20.10 7.76 
Arerage Ii90.0 88.1 7.12 
h 1,63 8,20 66.0 It75.0 8.3lt 90.0 187.5 17.00 6.28 
1.95: 8.it7 69.0 181.0 8.61 87,0 217.0 19.90 7.62 
2.03 BM 68.5 1^ 76,0 8.61 87.0 226.0 20.55 7.86 
1.92 8,25 66.7 1^ 76.0 8.38 89.5 219.6 19.90 7.1iO 
1.95 8,25 66.7 1^ 76.0 8.38 89.5 223.0 20,25 7.55 
576.8 88.6 7,3k 
$ 1.78 7,90 68.0 509.0 8.03 93.5 212.5 20.60 7.35 
1.68 7,58 66,3 516.0 7.70 97.5 209.2 20,60 7.03 
1.79 7,0$ 66,0 552,0 7.16 101^ .5 239.5 25.20 8,03 
1.79 7*k2 69.0 5li9.0 7.55 99.2 228.0 23.85 8,02 
I.7I1 7.20 67.0 51t9.0 7.31 102,$ 228.0 23.85 7,75 
Average 535.0 99,h 7»6k 
6 3.01 12.C^  lOl.O l#5.o 12.25 61.2 235.5 22,20 12.10 
3.18 11.80 97.3 KB6,0 12.00 62.5 25U.O 23.60 12.58 
3.13 12.02 99.3 W7.0 12,21 61.]^  2lt5.5 22,80 12.UO 
3.11 12.65 107.0 Ii99.0 12.85 58 .It 232.0 22,CX5 12.58 
3.13 13.« 109.3 li95.0 13.26 56.5 226.5 21. to 12.60 
Arm^0 k92,k 60.0 u,k$ 
to 
table 26. (Coatinued) 
e^st c^Hl... ehart Drtva ghaffc ?©st Capacity Average Pow«r Inwgy 
no, Jktm L@i^  ^ StT""!?®©! tii» torque req'd req'd 
to. »p» s®e Ib/min Ib-ft hp-iirs/ton 
I 3.t3 
3.I43 
3,10 
3.ii3 
3.fO 
Amrm® 
8 li.OT 
4^.13 
3.66 
3.66 
It.Ol 
AW^ ® 
12.2s 
12.00 
11.72 
la.cg 
12.35 
13.70 
15'.20 
11.62 
17.65 
15.75 
112.0 
105.0 
105.0 
109.0 
99S 
116.0 
130.5 
135.0 
152.0 
135.0 
5it0.0 
516.0 
5tS.O 
53it.O 
it75.o 
518.6 
500.0 
506.0 
510.0 
508.0 
505.0 
505.8 
12.10 
12.20 
11.90 
12.23 
ll.5lt 
13.90 
15.1i2 
15.87 
17.92 
16.00 
60.3 
61.5 
63.0 
61.2 
59.8 
61.1 
5I1.O 
W.6 
lt7.3 
ltl.8 
k&,9 
ii.7.7 
2I18.8 
270.0 
281.5 
268.5 
298.0 
280.0 
256.0 
221.0 
195.6 
2li0.5 
25.60 
26.60 
28.30 
27.25 
27.25 
26.65 
2ii.70 
21.50 
18.92 
23.15 
lU.llt 
U4.1^ 0 
1U.95 
IU.82 
15.00 
I5.ii6 
16.ii2 
16.90 
15.17 
15.10 
16.1,5 
16.01 
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fable 28, Pereeit of a om pound san^ le of ground corncobs passing 
thpoagh isdiTidaal ai&wm 
Sieye size 
m. #28 #0 #lt 5/l6« 3/8« 7/16" l/2» 5/8" 3A« 7/8" 1« 
toeedltr mill - lahole corncobs 
1 2.0 8.2 13.3 2li.0 33.lt ii5*it l|8.5 81,lt 95.5 98.5 100.0 
2 1.1 6.1 10.0 17.5 25.0 31.2 36.0 67.9 91.9 95.li 100.0 
3 0,? Ii.7 9.0 18.6 27.8 37.lt it2.it 75.5 93.3 98.5 100.0 
k 0.9 It.? 8.9 19.2 28.2 ltO.8 58.5 81.2 93.5 97.1 100.0 $ O.f 3*8 7M I6.lt 25.1 37.lt' l«5.2 73.5 92.lt 98.0 100.0 
6 1.8 1.1 15.7 30.it 61.^  76.6 85.5 97.it 99.5 100.0 100.0 
1 1.3 8.9 17.2 lt3.3 68.7 83.9 89.0 98.0 100.0 100.0 100.0 
8 IS 9.3 16.5 37.0 68.1 85.1 90.1 .^0 100.0 100.0 100.0 
9 0.? lt.6 10.6 28.9 lt7.2 69.0 76.7 90.0 97.5 100.0 100.0 
W 1.3 9.3 19.9 it5.5 70.9 85.0 91.7 98.3 100.0 100.0 100.0 
IQioell®? will • prt-erushed eobs 
1 1.3 7.2 lli.5 32.8 61.7 81.1 89.5 98.5 100.0 liJO.O 100.0 
2 2.0 11.2 19.1 ltl.3 6lt.6 80.0 87.5 98.0 99.9 100.0 100.0 
? t.O 12.7 22.5 ltlt.2 6lt.2 78.2 0lt.3 98.2 100.0 100.0 100.0 
k la 6«i 11.6 28.2 lt2.9 59.8 68.7 9li.0 100.0 100.0 100.0 
% 1,1 S.l 8.it I6.lt 2lt.O 33.5 It0.it 78.5 90.0 91.8 100.0 
6 1.1 li.9 8.0 16.1 23.it 32.li 38.6 72.5 89.8 96.1 100.0 
? 1.1 .^8 9.6 18.7 26.7 38.9 itlt.2 8ii.5 9it.7 96.1 100.0 
8 1.1 8.6 15.0 32.It It9.6 68.0 76.6 9lt.0 100.0 100.0 100.0 
9 1.S 7.1 10.6 19.5 30.1 It5.6 56.2 8it.it 96.it loo.o 100.0 
AMOUNT PASSING SIEVE, percent 
00 
80  
LJ 
40 
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20 
0 02 0.6 0.8 1.0 04 
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ag:, Plot ©f »i®iro saMlyiii* of eomooba pa?©-
• hf 1ti« «ii©»41©i» fflill 
m 
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fable 29• Suniraax^  of Kno©dl#r .ralll particle size data 
no., 
fest Area above curve Mean weight diameter 
inches^  inches 
Ihol© corncoba 
1 10.95 0.1^ .38 
2 I3.c% 0J33 
3 12 •25 0.i}.90 
5. 11.65 O.ii.66 
5 12. t8 0491 
6 8.85 0.3514. 
7 8.i|.7 0.339 
8 8,16 0.326 
9 9*7$ 0.390 
10 7.86 O.31J4. 
Pr6•-crushed eorncobs 
1 7.52 0.301 
2 8.25 0.330 
8.53 0.3l}.i 
9.77 0.391 12.I4.2 0.14.97 
6 12.75 0.510 
».fc 11.76 0.470 
8 9.19 0, 
9 11*17 0. 
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IMTA MILL TESf DATA 
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fable 31, Pea-eent of a one pmxiA swgpl® of ground corncobs passing 
ttooTigh iMiviaaal siw®s 
T®at Sl«f® size 
m* 
m #8 5/W 3/8" 7A6» 1/2» 5/8« 3/U« 7/8« 1" 
lata Mill - 1^ 1© comcctos 
1 0.7 k.9 9.6 17.2 a.6 27.6 30.8 85.0 95.8 100.0 100.0 
a 1.3 6,1 M.8 60.7 §7.1 95.0 97.5 100.0 100.0 100.0 100.0 
3 1.3 11.7 37.9 97.0 99.5 99.7 100.0 100.0 100.0 100.0 100.0 
k .^2 6^ .0 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
t,0 if .2 87.1 96.2 98.6 99.5 100.0 100.0 100.0 100.0 
6 0.7 5a 9.6 17.0 a2.6 29.0 36.5 71.5 90.1 97.0 100.0 
l.©tz will - pre-0rash®d corncobs 
1 0.^  $.3 9.8 20.9 30.U l|6.0 52.2 92.0 98.2 99.9 100.0 
2. 1.8 13.3 22.6 ijS.O 75.9 89.5 93.9 99.2 99.8 100.0 100.0 
3 t,9 15.0 Ii2.1 97.6 99.0 99.9 100.0 100.0 100.0 100.0 100.0 
It 3.5 28.9 95.1 
0
 
1
 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1,3 10.,9 26.t 7lt.O 96.3 98.il 99.3 99.9 100.0 100.0 100.0 
$ 0.7 3.5 6.8 13.6 21.8 33.8 39.2 78.6 97.14 99.it 100.0 
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fabl© 32* BvmmTj of t&tz mill particle size data 
fest Area aboTe cutt© Mean weigjit diameter 
no# inches^  inches 
Ihole corncobs 
1 12 as 0.14-85 
2 7»0S 0.282 
3 l|-t36 0,17k 
k 2.34 0.086 
5 6.8l|. 0.27ii. 
6 13.08 0.523 
7 13*02 0.521 
Pr©-crushe4 corncobs 
1 11.02 0.i^ l 
2 7>k7 0.299 
3 4.52 0.181 
k 2.58 0.103 
5 6.25 0.250 
6 12.51 0.500 
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CASE MILL fEST DATA 
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b^le 33. {eontiJTO«d) 
fast Ssreen flacdll. Drive shaft Tmt Capacity Ar^ age Pofw®? 
stse 'Mm'' 'i.es^ St lt®v» tiiw toiqu© r@q*d 
in, li^  in. rpn sec Ib/wi» Ib-ft hp l^ ntes/toa 
$ 1 kl,$ 27.3 89.0 1^ 9.5 10.92 mjo 200.0 18.62 9.03 
1 k9»9 26,? 85.0 h77,0 10.70 70.50 215.0 19.55 9.25 
1 51i.O 2f.lt 92.0 k70*0 11.78 63.70 211.5 18.92 9.90 
1 m,9 26.9 83.0 ¥3.0 10.78 69.60 209.0 I8.ij2 8.82 
1 32.3 X<^ .Q h92.0 12.92 58.00 183.5 17.22 9*90 
ATsrage m*3 66.10 9.38 
6 1-l/k .^1 22.3 72,0 ms 8.92 81i.00 217.5 20,€^  1,9$ 
I'l/k k3.9 25.6 83.0 m,o 10.2% 73.20 197.2 18.30 
1'1/k k2.3 2f.3 98.0 $m*Q 11.72 63.95 166.0 15.89 8.28 
1-iA ia..8 26,k 89.0 5c^ .o 10,58 71.00 182.1 17.5% 8.23 
I'lA ltl.O 26,0 87.0 502.0 io,ko 72.00 181.5 17.38 8.ca^  
Average Ii95.9 72.83 8.16 
feble 3lt. Capacity ami powop requtp^ eat data tm proeessi^  pr@-eri^ heti eorTO€tes with Cast® 
Test Sepften Oscill, chart Brive shaft test Capacity Average POWK* Add. ' Pota-l 
no, sis© Area 
ffin2 
lev. Speed tla© 
Ib/min 
torqtt© 3^'d Cirttsh  ^S^ 3E®r 
la. em fp« see Ib-ft hp-hrs/tm 
1 l/h 185.0 520.0 i|22.0 7h*00 10.12 221.lt 17.80 58.0 l.Oli 59.^  
l/k y##o 221,0 5W.0 372,0 88.1^  8.1^  23it.O 16.58 65.^  l.{^  66M 
lA 7^.5 273.5 623.0 3lil.5 109.kD 6.85 230.0 llt.95 72.70 1.014 73.7k 
325.0 170.0 .^0 l}i|1.0 68,m 11.01 220.0 18.50 55.90 l.C^  56.914 
i/k AS.o 285.0 570.0 300.0 nh*(M} 6.58 0^,0 12.58 63.55 1.0k 614.59 
Arer^ e 375.3 8.61 614.17 
2 3/8 iii5.o 98.0 299.0 8^.0 39.20 19.:^  170.lt 114.88 25.85 l.C«t 25.85 
3/8 17^ 0 idt,o 295.0 5^.5 lil.60 18.00 167.5 13.60 25.18 I.ou 26.22 
3M I81t.0 113.0 .^0 lio6.o i^ .20 16,60 187.5 lli.52 29.25 1.014 30.29 
3/8 lli3.5 9h*0 1^.0 to6,o 12 ao 19.93 152.6 12.10 20.20 1.^  a.2l4 
3/8 189.0 m.o 316.0 392.0 11.69 15.50 156.3 11.69 25.05 i.db 26.09 
Jtr&tsge 17.83 26.15 
3 1/2 112.3 58.5 163.0 lOB.O 23.i»0 32.00 221.0 17.60 18.30 i.oU 19.3l» 
1/2 115.2 $9.6 17U.0 3^8.0 23.85 31.to 222.1 18.^  19.53 1.C34 20.57 
1/2 lllt.% 60.h 180.0 m.o 2lt.l5 31.10 218.2 18.60 19.90 IM 20.9i4 
1/2 i^^ .3 55 »2 175.0 Ii75.5 22 3ti.oo 196,8 17.80 17.it2 l.Qh 18,^ 6 
1/2 112.1 62.h 192.0 Ii62.0 2i^ .95 30.10 207.2 18.214 20,20 l.(^  21.214 
Av^ age hli8«l 31.72 19.07 
h 3A 52.8 35.6 117.0 it93.0 lIt.2U 52.70 170.6 16.02 10,12 i.d4 11.16 
3/ii 50.5 35.8 121.0 507.0 lit.32 52.30 lia.o 13.62 8.68 uoh 9.72 
3A 52.2 37.0 12U.0 $02.0 114.80 50,70 llil.2 13.52 8.90 l.C% 9.9U 
3A 5i.it 36.8 122.0 h97.0 lii.71 51.00 160.5 15.20 9.93 l.C^  10.97 
3A 50.3 35.5 118.0 U99.0 li^ .20 52.80 163,0 I5.i48 9.75 i.oU 10.79 
Average h99.6 51.90 10.52 
fable (Contlmed) 
test Sereen 
3». size 
in. 
Cfecill,  ehasi; 
cm 
Dri-re shaft 
l«r, 
15® 
Test 
time 
see 
Capacity 
Ib/irtn 
Av&ts^ & 
tcafq^  
Ib-ft 
Power 
mi*d 
jkM. 
jpeq*d crMh 
total 
5 1 29,1 23.8 75.0 k72.0 9.52 78,80 ms 12,67 5.35 l.di 6.39 
1 27.9 2li.^  77.0 1*73.5 9.76 76.80 131.3 11.83 5.ilt 1.0% 6.18 
1 28.1 26.3 8%.0 10.52 71.20 123.0 H,20 5.25 !•(]% 6.29 
1 28.2 2$.6 Sl.O li^ .O 10.2lt 73.20 1^ ,8 ll.C^  5.02 1,(^ 1 6,06 
1 28,1 23,0 71.0 1^ 3*0 9.20 81,50 2Jt0.1» 12,38 5.^  1,0% 6.C^  
Ar&cage m.7 76.30 6,20 
6 1-lA 28.9 2ii.l 79.0 m.$ 9.65 77.70 138.0 12,92 5.55 6.59 
1-3A 26,7 20.3 67.0 k9$.o 8.12 92.50 151.2 lh.28 5.11* 1,CA 6,13 
1-14  ^ 26.8 21.8 72.0 1|95.5 8.72 86,10 lljl,2 13.38 5.17 l.(^ 6.21 
i-lA 28.0 25.1 85.0 508.0 lO.Oli 72,10 128,2 12.!i.0 5.73 1.0lt 5.77 
1-lA 29,0 27.7 9h.0 509.5 9.10 82,30 120.2 11,67 5.75 i.oU 6,79 
Average h99.9 82,Hi 6,51 
fable 35. . Percent of a one pound sample of ground corncobs passing through, 
individual sierres 
Si©v© size 
no. #28 #8 A. 5/16" 3/8» 7/16« l/2« 5/8« 3A" 7/8" 1« 
Gas© mill - whole eorneobs 
1 
2 
3 
13a 
l i  
i}.8.1 
30,2 
illl 
51.1 
99.3 
100.0 
96.7 
100.0 
100.0 
100.0 
100.0 
100.0 
100,0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100,0 
100.0 
1 1*3 2,0 2,2 12.2 3J4.,6 2h*2 28.7 29.2 26.2 75.2 58.3 9lJi-77.2 714 99,0 89.2 85.il- 91.1 100.0 100,0 98.8 100.0 100.0 100,0 100.0 ' 100.0 100.0 100.0 100.0 100.0 
Case mlll - precrtished eorncobs 
1 
2 
3 
114 
6.2 
3.1 
51.0 
36.2 
30 .a 
99.3 
76.5 
51.6 
100.0 
100.0 
96,3 
100.0 
100.0 
99.7 
100.0 
100.0 
100.0 
100.0 
100,0 
100.0 
100.0 
100.0 
100.0 
100,0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
1 1.3 2,2 1.7 16.6 13.14-10.3 29.8 22.1 19.0 71.2 14-2,9 14-1.7 87.8 59.2 59.0 96.0 Bii-.S 77.5 99.5 91.9 86.0 100.0 100.0 93.5 100,0 100.0 96.5 100,0 100.0 100.0 100.0 100.0 100.0 
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fable 3.6* Sianmarj of Case ImMaermill particle size data 
Test Area above eurv© Mean weight diameter 
no, inciiea^  inciiea 
Itool© corncobs 
1 2.2k 0.089 
2 2.80 0.112 
3 3»73 0.349 
l|. 5,99 0,2i{.0 
5 6.6I|. 0.266 
6 7.15 0.286 
Pre-orushed corncobs 
1 2.33 0.093 
2 3.^ 4-0 0.136 
3 3#96 0.156 
k 6,22 0.214-9 
5 7.67 0.307 
6 8.60 0.3ii4 
176 
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SIZIIG Ullf TESf DAfA 
177 
Tafel# 37. Capaei'^  md power rwplraaent data for pr©eessing pre-cruohed 
eomcobs -with siting unit 
m* Wm 
mr 
Length 
em 
km* Speed 
rpm see Ib/mia 
torque 
Ib-ft 
req'd 
1® 
req»d 
hp-hrs/toi 
1 kos 66.5 214.1 271.0 3.t7 li59.0 12U.8 6.li5 0.ii6 
2 2T.8 57.8 t7.1 35t.O lt.63 3tli.O 9t.l 6.55 0.67 
3 21,7 63.lt 35.8 \i2k»S 5.07 195.8 69.8 5.66 0,6U 
k t7.$ 65.5 Ii2.0 hBl»0 S.2k 287.0 85.5 7.85 0.91 
5 26,5 .^7 52.3 605.0 5.18 290,0 83.U 9.60 1.10 
fsble 3df of a me poiuxl of grouM corncobs passi]:^  
tlirotigh iadividaal sieves 
Sieve sia® 
no. #28 #8 m 5/l6« 3/8« 7/U^  3/2" 5/8« 3A« 7/8" 1" 1-1A« 
Sljsii^  «ait - pre-cru8hed corncobs 
1 0.2 0,lt 0.7 1.1 1.5 2,k U.2 13.3 25.8 1*9.5 80.1 100.0 
2 0.2 o,It 0.7 1,1 2.0 3.6 5.5 16.8 32.7 52.1 77.5 100.0 
3 O.g OM 0.7 1.3 3.3 5.7 9.0 19.1i 35.9 60.0 79.6 100.0 
k 0,2 o.k 1.3 2.5 ii.2 6.7 8.9 2lt.6 lilt.8 69.8 85.9 100.0 
5 0.2 o.l» 0.7 1.6 2.9 5.8 10.1 31.5 52.5 72.0 8U.5 100.0 
OOr 
80  
u 
u 60 
CRUSHED COB SIZING UNIT 
< 20 
Q2 0.4 0 1.0 0.6 0.8 1.2 1.4 
SIEVE SIZE, inches 
FXot of sieve aiml^ais ot pre-eyushed c<ameots processed by tlj© 
sizing imit 
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APPENDIX K: 
OTHM APPLIGATIOHS OP fHE HOI.tER-CHUBHER MSGMNISM 
fh© roller-erusher meohmnlsm with the 10,75 inch diameter 
rolls and the 2,82 inch feeder bar spacing was used for 
processing earoorn which had been stored in a crib for approx­
imately 6 months. Th© first trials with a roll speed ratio 
of 1.5 aJid a roll spacing of 5/8 inch resulted in a product 
consisting of shelled corn and crushed corncobs. As the 
roll spaeing was increased above 3/k. inch there was little 
corncob breakage, however practically all the corn was 
shelled from the corncobs. There was also extensive shelling 
when the rolls were operated at the same speed and because of 
this the product was not satisfactory for livestock feed. 
The preliiainary trials did indicate that -Kae roller-crusher 
mechanism mi#it perform satisfactorily as a corn sheller due 
to the rolling action between the two rolls. 
A preliminary investigation of the performance of the 
roller-crusher mechanism for processing wet sweet corncobs,was 
also conducted, fhe sweet corncobs along with husks and silks 
are wast© material at the canning factory and are returned to 
th© farm to be stored as silage and fed to livestock. The 
problem is to break, grind or pulverize the corncobs to 
facilitate handling, packing and feedirig. fhe roller-crusher 
mechanism with 10.75 inch diameter rolls operating at a 1,5 
speed ratio and 1/2 inch spacing had a capacity of approxi-
180 
laately 1I4. tons per hour and required 1.8 hp-hrs/'bori- Opera­
ting the two rolls at t±ie sans© speed produced a satisfactory 
product and would probably improve the performance of the 
machine from the capacity and power requirement standpoints. 
Marmorin© {9) reports that several roller-crusher units have 
been installed at canning plants for processing sweet corncobs. 
